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Introduction 


This  report  is  the  Final  Report  for  Phase  2  of  the  subject  project,  reporting  on  work  described  in 
the  approved  Statement  of  Work  (SOW)  for  Phase  2  during  the  reporting  period  of  January  23, 
2004  through  February  1,  2010.  Phase  2  of  the  subject  project  began  August  2,  2006,  and  the  end 
date  for  Phase  2  is  March  1,  2010  (research  ends  February  1,  2010). 

The  objective  of  this  pr  oject  is  to  develop,  im  plement,  te  st,  and  u  se  a  capability  to  collect 
relevant  physiological  and  treatment  data  for  seriously  injured  civilian  trauma  patients  in  support 
of  the  U.S.  Ar  my’s  “Com  bat  Critical  Care  E  ngineering”  (CCCE)  research  task  area.  The 
information  that  is  needed  includes  pre-hospital  physiological  data  for  qualifying  patients  as  well 
as  post-arrival  and  outcome  data. 

This  project  represents  one  of  the  first  attempts  to  accomplish  these  tasks  in  support  of  the  CCCE 
program  wi  thin  a  system  of  ground  a  mbulances  responding  to  incidents  and  caring  for  and 
transporting  patients  to  Level  1  Traum  a  Centers.  Ground  Em  ergency  Medical  Services  (EMS  ) 
represent  the  earliest  pr  actical  opportunity,  for  most  civilian  traum  atic  injury  cases,  to  begin 
acquiring  needed  patient  data.  Thisprojec  t  builds  upon  the  previous  LifeLink  m  obile 
telemedicine  project  in  San  Antonio,  Texas  to  accomplish  these  goals. 

Phase  2  of  the  subject  p  roject  resulted  in  the  collection  and  processing  of  the  target  pre-hospital 
patient  data  for  a  total  of  3 1 1  qualifying  pa  tient  cases.  The  processed  data  and  supporting 
documentation,  with  personally  identifiable  data  deleted,  was  provided  to  U.S.  Army  Institute  of 
Surgical  Research  (USAISR)  for  use  in  ongoing  research  programs.  Case  tim  ing  data  was  also 
collected  for  these  cases  to  enable  analysis  relevant  to  the  design  of  this  study.  The  results  of  the 
case  timing  analyses  on  data  collected  during  the  s  ubject  project,  as  report  ed  herein,  show  tha  t 
ground  EMS  system  s  can  provide  patient  data  begi  nning  significantly  earlier  in  an  injury  event 
than  pa  tient  data  collectable  within  helicopter-based  pre-hospital  services.  A  summ  ary  of  the 
case  timing  data  and  analysis  for  the  initial  Phase  2  data  collection  interval  is  presented  in  report 
section  Task  2  Subtask  2d.  A  summary  of  case  timing  data  and  analysis  for  the  Phase  2  second 
and  third  data  collection  intervals  (combined)  is  presented  in  report  section  Task  4,  Subtask  4d. 
Finally,  a  summary  of  comparative  analysis  of  case  timing  data  relevant  to  the  goals  of  this  study 
for  all  three  Phase  2  data  collection  intervals  combined,  and  comparison  of  case  tim  ing  results 
between  the  initial  Phase  2  data  collection  interval  and  Phase  2  second  and  third  data  collection 
intervals  (combined)  is  also  presented  in  report  section  Task  4,  Subtask  4d. 

Body 

Previous  work  on  the  subject  pr  oject  (Phase  1)  was  conducted  to  establish  and  use  prelim  inary 
data  co  llection  capabilities  in  five  San  Ant  onio  (SA)  EMS  am  bulances  operating  within  the 
LifeLink  program  and  one  receiv  ing  hospital.  At  that  tim  e,  five  participating  SA  EMS 
ambulances  were  using  a  data-capable  physiological  m  onitor  (LifePak  12  )  during  pre-hospital 
patient  car  e  interva  Is.  Southwest  Research  In  stitute®  (S  wRI®)  worked  with  SA  EMS,  the 
USAISR,  Brooke  Army  Medical  Center  (BAMC),  the  University  of  Texas  Health  Science  Center 
at  San  Antonio  (UTHSCSA),  and  Physio  Cont  rol,  In  c.  (m  anufacturer  of  the  LifePak  12  s 
monitor)  to  estab  lish  required  research  protocols  and  approvals  to  facilitate  the  data  collection 
and  research  operations,  to  operate  the  data  coll  ection  system  for  one  month,  and  to  examine  the 
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resulting  data  and  draw  prelim  inary  conclusions  about  the  capabilities  of  initiating  pre-hospital 
data  co  llection  rela tively  early  in  qualif  ying  traum  a  injury  cases.  As  Phase  1  of  the  subje  ct 
project  was  ending  and  Phase  2  was  beginning,  SA  EMS  bega  n  to  replace  the  LifePak  12  ® 
physiological  monitor,  operating  in  a  lim  ited  number  of  ambulances,  with  a  new  physiological 
monitor  (MRx  HeartStart®)  manufactured  by  Philips  M  edical  Systems.  The  new  m  onitor  was  to 
be  deployed  in  all  ambulances  operating  within  the  SA  EMS  system. 

Work  began  on  Phase  2  of  the  subj  ect  project  in  early  August  2006.  The  scope  of  work  initially 
defined  for  Phase  2  of  the  project  was  primarily  aimed  at  refining  the  process  and  expanding  the 
capacity  for  data  collection  and  to  conduct  data  collection  operations  for  one  addition  al  one- 
month  inte  rval.  The  in  itial  work  in  Phase  2  included  research  fo  cused  on  im  proving  the 
efficiency  and  sustain  ability  (au  tomation)  o  f  acquisitio  n  of  needed  pre-hos  pital  patien  t 
physiological  data,  building  upon  project  work  co  mpleted  during  Phase  1  using  the  L  ifePak  12® 
monitor.  Two  major  com  ponents  affecting  this  research  and  planni  ng  were  (1)  the  data 
management  capabilities  of  the  monitor  and  (2)  the  logistical  processes  used  within  the  SA  EMS 
system  relative  to  data  collec  tion.  It  was  found  that  both  of  th  ese  “variables”  were  significantly 
affected  by  the  introduction  of  the  new  m  onitor.  The  data  collection  and  m  anagement 
capabilities  of  the  new  monitor  were  found  to  be  lim  ited  and  opera  tor  intensive,  similar  to  the 
LifePak  12  ®  monitor.  In  addition,  it  was  discovered  that  the  data  management  capabilities  of  the 
new  m  onitor  and  the  data  m  anagement  proce  sses  and  procedures  practiced  by  the  SA  EMS 
system  were  evolving,  with  changes  and  im  provements  in  both  variables  planned  for  the  near 
future.  Based  on  significant  interaction  with  the  SA  EMS  system  and  Philips  Medical  Systems  to 
better  understand  the  current  and  evolving  plans  for  the  m  onitor  capabilities  and  data 
management  practices,  S  wRI  submitted  a  request  for  a  signif  icant  modification  to  th  e  Phase  2 
SOW.  This  request  was  subm  itted  in  m  id-December  2006  an  d  the  m  odified  Phase  2  SOW  was 
formally  approved  in  late  February  2007. 

The  introduction  of  the  new  m  onitor  and  the  p  lacement  of  data-capable  m  onitors  in  the  entire 
fleet  of  ambulances  in  the  SA  EMS  system  provided  opportunities  for  a  greatly  expanded  volume 
of  qualifying  patient  cases,  result  ing  in  a  po  tentially  m  uch  higher  vo  lume  of  data  collection. 
Both  the  in  itial  and  th  e  m  odified  Phase  2  SOW  included  early  work  to  res  earch,  plan,  and 
develop  data  capture  and  logistical  technical  and  efficiency  enhancem  ents  (autom  ation)  for 
physiological  monitor  operations  and  SA  EMS  data  collection  proc esses.  The  modified  Phase  2 
SOW  included  an  additional  two  (three  total)  pi  anned  one-m  onth  data  collection  intervals  of 
operations,  including  an  accelerated  initial  data  collection  interval  using  the  existing  (but  limited) 
new  monitor  configuration  and  SA  EMS  processes  a  nd  procedures  adapted  to  the  features  of  the 
new  monitor.  The  first  of  the  three  planned  data  collection  interval  s  was  conducted  soon  after 
the  approval  of  the  modified  Phase  2  SOW. 

Work  was  planned  in  the  m  odified  Phase  2  SOW  to  integrate  further  improvem ents  in  f  uture 
project  data  collection  and  pr  ocessing  operations  with  planne  d  upgrades  in  capabilities  and 
procedures  for  both  the  new  m  onitor  and  the  S  A  EMS  system  over  the  upcom  ing  year.  The  two 
remaining  data  co  llection  intervals  planned  f  or  Phase  2  w  ere  intended  to  be  coordinated  with 
milestones  in  the  evolving  m  onitor  and  S A  EM  S  system  da  ta  m  anagement  upgrades,  yielding 
greater  levels  of  automation  and  transparency  in  the  acquisition  of  target  project  data.  SA  EMS,  a 
cooperative  project  partner,  however,  experienced  significant  delays  and  changes  in  the  planned 
patient  data  management  upgrades  during  Phase  2  of  the  subject  project. 
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After  conduct  of  the  initial  Phas  e  2  data  collection  in  terval,  S  A  EMS  embarked  on  a  program  to 
upgrade  all  of  the  MRx  m  onitors  used  by  SA  EM  S  to  a  newly  released  (by  Philips  Medical 
Systems)  version  of  operating  firmware.  The  fi  nnware  upgrade  provided  at  that  tim  e  did  not 
include  needed  enhancements  for  the  data  management  capabilities  of  the  monitor  related  to  the 
subject  project  and  future  plans  for  SA  EMS  data  m  anagement  capabilities.  However,  the 
firmware  upgrade  did  affect  the  monitor’s  data  file  content  and  structure  as  developed  and  stored 
during  patient  care.  Sw  RI  research  ed  the  chan  ges  in  m  onitor  f  ile  s  tructure  and  content  and 
adapted  procedures  and  processes  to  enable  conduct  of  the  planned  Phase  2  second  and  third  data 
collection  intervals. 

Efforts  to  synchronize  project  operations  with  the  developm  ent  of  m  ore  autom  ated  and 
sustainable  patien  t  data  collec  tion  capabilities  within  SA  EMS  were  im  portant  to  the  overall 
goals  of  the  project  and  were  the  subject  of  continuous  inter  action  between  SwRI  and  SA  EMS 
during  Phase  2.  However,  signifi  cant  delays  and  changes  in  pi  ans  for  relevant  SA  EMS  data 
management  upgrades  continued.  SwRI  prepared  to  proceed  with  contingency  plans  as  discussed 
in  the  propo  sal  for  the  modified  Phase  2  SOW  .  Under  this  scenario,  S  wRI  began  preparations 
for  conduct  of  the  rem  aining  two  planned  patient  da  ta  collection  intervals,  using  essentially  the 
same  methods  used  during  the  init  ial  data  collection  interval.  This  was  done  in  order  to  assure 
completion  of  planned  operations  for  the  two  re  maining  data  collection  intervals  and  completion 
of  processing  and  providing  the  target  patien  t  data  to  USAISR  within  prev  ailing  cost  and 
schedule  terms  of  the  project. 

Both  the  originally  proposed  and  the  m  odified  SOW  for  Phase  2  included  additional  elem  ents  of 
work  in  support  of  enhanced  data  mining  and  visu  alization  and  follow-on  efforts  in  research  of 
improved  rem  ote  diagnostic  ultrasound  im  age  tr  ansmission  and  interpretability.  The  work 
planned  for  this  task  within  the  subject  pro  ject  involved  lim  ited  coordination  of  access  to 
facilities  (LifeLink  a  mbulance  a  nd  communications  system)  to  s  upport  research  activities  that 
were  otherwise,  generally,  not  w  ithin  the  scop  e  of  work  f  or  the  subject  project.  Res  earch  tasks 
requiring  these  facilities,  however,  were  not  identified  during  Phase  2  of  the  subject  project. 

This  sec  tion  of  the  report  pr  esents  discu  ssion  and  sig  nificant  a  ccomplishments/problems 
encountered  in  the  conduct  of  Phase  2  of  the  subj  ect  project.  The  section  is  organized  to  present 
this  information  as  associated  with  relevant  tasks  and  sub  tasks  of  the  initially  approved  Phase  2 
SOW  and  work  following  the  approval  of  the  m  odified  Phase  2  SOW  in  February  2007.  Efforts 
were  m  ade  to  focus  early  Phase  2  work  on  t  asks  that  were  consis  tent  with  the  anticip  ated 
modification  of  the  Phase  2  SOW  (work  common  to  both  versions  of  the  SOW  ).  For  Phase  2 
tasks  that  included  work  prior  to  approval  of  the  modified  Phase  2  SOW,  the  task  headings  in  the 
body  of  this  report  indicate  m  apping  between  relevant  task  headings  in  both  the  “initial  award” 
and  “modified”  versions  of  the  Phase  2  SOW .  Additionally,  a  summary  of  comparative  analysis 
of  case  tim  ing  data  relevant  to  the  goals  of  th  is  study  f  or  all  thr  ee  Ph  ase  2  d  ata  colle  ction 
intervals  co  mbined,  an  d  com  parison  of  case  tim  ing  results  be  tween  the  in  itial  Phase  2  da  ta 
collection  interval  and  Phase  2  second  and  third  data  collection  intervals  (combined)  is  presented 
in  report  section  Task  4,  Subtask  4d. 

PHASE  2  (initial  award) 

TASK  1.  Implement  improved  field  data  collection  process. 
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mapped  to 


PHASE  2  (modified) 

TASK  1.  To  Develop  and  Implement  Incremental  Collection  and  Process  Improvements. 
Phase  2  (initial  award) 

Subtask  l.a  Renew  five  additional  project  ambulances  (ten  total). 

Subtask  l.c  Implement  semi-auto  field  data  collection  in  five  project  ambulances. 

Work  on  these  elem  ents  of  the  initial  Phas  e  2  SOW  was  delayed  due  to  concerns  about 
applicability  of  the  tasks  to  the  anticipated  modification  of  the  Phase  2  SOW.  The  evolving  plan 
for  deployment  of  a  different  physio  logical  monitor  and  to  place  th  e  new  m  onitor  in  all  of  the 
ambulances  operating  in  the  SA  EMS  fleet  affected  plans  fo  r  future  data  collection  processes. 
These  tasks  to  renew  and  im  plement  im  proved  data  collection  m  ethods  for  fi  ve  project 
ambulances  were  not  included  in  the  modified  Phase  2  SOW. 

Phase  2  (initial  award) 

Subtask  l.d  Add  University  Hospital  to  the  project  (two  hospitals  total). 

During  Phase  1  operations  of  the  subject  pr  oject,  USAISR  worked  with  UTHSCSA  and 
University  Hospital  to  am  end  appl  icable  res  earch  protocols ,  a  dding  Univers  ity  Hospita  1  as  an 
additional  data  collection  site.  Sw  RI  and  SA  EMS  collab orated  to  in  elude  co llection  of  pre¬ 
hospital  data  for  patients  transported  by  SA  EMS  to  University  Hospital  in  all  Phase  2 
operations. 

Phase  2  (initial  award) 

Subtask  l.b  Develop  semi-automated  field  data  collection  system. 

mapped  to 


Phase  2  (modified) 

Subtask  l.a  Collaborate  with  SA  EMS  and  vendors  to  facilitate  Trauma  Vitals  data 
content  in  developing  data  management  procedures. 

SwRI  conducted  numerous  meetings  and  discussions  with  Philips  M  edical  Systems,  supplier  of 
the  new  Philips  MRx  monitor,  to  explore  cu  rrent  and  planned  capa  bilities  f  or  data  tr  ansfer 
provided  by  the  m  onitor  and  pro  cessing  of  monitor  data  f  acilitated  by  P  hilips’  related  software 
development  kit. 

Initial  investigations  of  the  MRx  monitor  revealed  that  the  d  ata  management  capabilities  of  the 
monitor  were  currently  lim  ited  but  were  scheduled  for  upgrade.  A  similar  situation  existed  wit  h 
the  m  onitor  m  anufacturer’s  Sof  tware  Develop  er’s  Kit  (SDK)  and  com  patible  c  ommercially 
available  medical  record  products.  There  was  cu  rrently  little  opportunity  for  collection  of  data 
by  other  than  manual  methods  similar  to  the  process  used  with  the  old  monitor  during  the  Phase 
1  proof-of-concept  data  collect  ion  interval.  Num  erous  manua  1  operations  were  required  to 
extract  data  for  qualifying  cases  from  the  m  onitor  m  emory  af  ter  a  qualif  ying  tr  ansport  was 
completed. 
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As  the  planned  upgraded  MRx  monitor  firmware  was  to  become  available  in  the  future,  however, 
SwRI  planned  to  continue  working  with  SA  EMS  and  vendors  of  the  m  onitor  and  reporting 
products  to  preserve  data  cont  ent  needed  for  the  CCCE  prog  ram  during  future  SA  EMS  routine 
medical  records  operations  as  reflected  in  the  modified  SOW  for  Phase  2. 

SwRI  also  conducted  num  erous  meetings  with  S  A  EMS  to  understand  data  collection  technical 
and  logistics  issues  and  opportunities  in  system  operations.  Logistical  issues  relative  to  acquiring 
and  collecting  patient  monitor  data  for  qualifying  cases  in  a  large  m  etropolitan  EMS  system  are 
formidable.  Collection  operations  that  require  sp  ecial  operations  by  param  edics  in  the  field  are 
problematic.  SwRI  and  SA  EMS  exam  ined  pro  cedural  issues  and  the  user  in  terfaces  and 
operations  available  within  the  MRx  m  onitor  in  or  der  to  arrive  at  data  acquisition  and  transfer 
concepts  that  could  support  practical  manual  field  data  collection  operations. 

SA  EMS  began  work  to  implement  early  incremental  features  of  the  planned  electronic  case  data 
system,  and  SwRI  continued  to  work  with  SA  EMS  on  these  upgrades  during  Phase  2.  The  SA 
EMS  electronic  case  d  ata  sy  stem  was  capab  le  of  accep  ting  and  sto  ring  m  anual  entries  by 
paramedics,  filling  in  data  fields  in  an  electronic  record,  on  a  laptop  computer.  Data  entries  were 
confined  to  manual  text  and  numerical  entries  in  selected  data  fields  for  case  and  patient  data  and 
areas  for  case  narrativ  e,  as  m  anually  ente  red  by  attending  param  edics.  The  system  was 
constructed  around  a  commercial  E  MS  database  product  provided  by  Zoll  Data  System  s,  known 
as  the  Tablet  PCR  EMS  data  management  product. 

It  was  planned  that  the  SA  EMS  electronic  case  data  system  would  ultimately  import  and  include 
physiological  and  event  data  stored  in  the  MRx  m  onitor  during  pre-hospital  patient  triage  and 
care  using  the  MRx  m  onitor.  However,  SwRI  f  ound  that  the  Tablet  P  CR-based  electronic  case 
data  management  system  would  be  focused  on  pr  oducing  case  records  that  were  compliant  with 
the  National  EMS  Information  System  (NEMSIS)  standards.  NEMSIS  data  standards  reflect  case 
summary  reports  designed  to  be  efficient  (for  da  ta  storage)  and  would  not  include  or  preserve 
many  of  the  data  elements  needed  for  the  Army  CCCE  program.  SwRI  established  contact  with 
appropriate  staff  at  Zoll  Data  Systems  to  address  this  concern.  SwRI  and  the  Medical  Director 
for  SA  EMS  team  ed  to  work  with  Zoll  Data  S  ystems  to  reinforce  the  need  to  pres  erve  raw  data 
content  acquired  through  use  of  the  MRx  m  onitor.  SwRI  and  the  SA  EMS  Medical  Director 
emphasized  the  need  to  also  retain  the  raw  MR  x  monitor  data  files  for  each  case  in  order  to 
facilitate  retrospective  in-depth  case  review  as  part  of  SA  EM  S  operations  and  quality  control, 
and  to  facilitate  future  retr  ospective  research,  as  needed  for  the  CCCE  program  .  Zoll  Data 
System’s  response  to  these  requests  included  plan  s  to  preserve  the  raw  m onitor  data  files  for 
each  case  in  compressed  form,  to  be  im  ported  and  stored  w  ith  the  more  general  cas  e  summary 
reports,  in  the  SA  EMS  electronic  case  data  system.  This  step  would  f  acilitate  more  transparent 
and  efficient  future  collection  and  retention  of  subject  study  research  data  and  also  support  future 
retrospective  in-depth  case  review  during  routine  EMS  operations. 

The  planned  development  and  rollout  of  the  SA  EMS  electronic  case  data  system  included  plans 
for  a  wireless  (b  luetooth)  link  between  th  e  MRx  monitor  and  the  paperless  (laptop-based)  case 
reporting  system  used  by  each  EMS  crew  in  the  field.  The  wireless  link  approach  would  provide 
an  opportunity  for  the  SA  EMS  crew  to  “near  autonom  ously”  extract  patient  physiological  data 
acquired  by  the  MRx  monitor,  for  each  cas  e,  and  import  the  patient  phy  siological  data  into  the 
onboard  laptop  computer  electronic  records  system.  The  case  summary  reports  developed  within 
the  onboard  laptop  system  ,  and  containing  electr  onic  and  manually  entered  (by  the  crew)  case 
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information,  would  remain  stored  within  the  onboard  laptop  computer  until  a  later  time,  at  which 
time  the  population  of  recent  case  files  stored  on  the  onboard  laptop  would  be  imported  into  the 
SA  EMS  electron  ic  cas  e  data  system  m  ainframe  co  mputer  for  further  processing  and  storage. 
The  electronic  MRx  m  onitor  data  would  be  furt  her  processed  by  the  Ta  blet  PCR  product  within 
the  onboard  laptop  computer  to  produce  and  store  the  planned  NEMSIS-compliant  case  summary 
report.  As  reported  above,  SwRI  intervened  to  help  arrange  for  each  case  summary  report  to  also 
preserve  and  retain  compressed  versions  of  the  raw  MR  x  data  f  iles,  usable  f  or  retro  spective 

detailed  analysis  and  research.  The  goal  of  th  is  work  b  y  SA  EMS  was  to  f  acilitate  m  ore 

comprehensive  and  efficient  case  su  mrnary  reporting  in  elec  tronic  fonnat,  including  electronic 
storage,  maintenance,  and  access  for  case  summary  reports  using  a  dedicated  system  database. 

The  Phase  2  project  p  lan  includ  ed  steps  to  c  oordinate  enhancem  ents  in  transp  arency  and 
efficiency  for  patient  pre-hospital  research  data  collection  in  support  of  the  CCCE  Trauma  Vitals 
program.  These  advancem  ents  were  to  be  en  abled  by  increm  ental  developm  ent,  rollout,  and 
routine  use  of  the  SA  EMS  electronic  case  data  system.  SwRI  continued  working  with  SA  EMS, 
Philips  Medical  Systems,  and  Zoll  Data  Systems  to  identify  opportunities  for  integration  of  more 
efficient  and  more  transparent  (to  EMS  operations)  collection  of  patient  data  needed  for  research 
purposes,  as  operational  im  provements  in  the  SA  EMS  electron  ic  case  data  s  ystem  were 
implemented  and  rolled-out  for  routine  use  in  EM  S  operations.  The  first  candidate  enhancement 
that  was  identified  focused  on  use  of  the  wirele  ss  link  between  the  MRx  monitor  in  each  ground 
ambulance  and  the  on-board  EMS  crew  laptop  to  ach  ieve  extraction  of,  and  access  to,  electronic 
monitor  patient  data.  This  was  an  important  incremental  step  in  the  desired  ultimate  methodology 
for  access  and  extractio  n  of  qualifyi  ng  research  case  d  ata  from  future  routine  data  operations 
planned  by  SA  EMS. 

Philips  Med  ical  Sys  terns  achieved  an  initial  re  lease  of  the  MRx  m  onitor  data  m  anagement 
upgrade  firmware  m  odule  and  supporting  case  re  view  software  products  in  late  C  Y2007.  Zoll 
Data  Systems  and  Phi  lips  Medical  System  s  concluded  a  licensing  agreem  ent  in  CY2008,  to 
facilitate  planned  further  development  of  the  Zoll  Tablet  PCR  system  to  accommodate  import  of 
MRx  monitor  electronic  patient  data  records  for  use  in  the  electronic  case  data  sys  tern.  At  the 
conclusion  of  Phase  2,  this  product  had  not  been  fully  implemented  and  the  SA  EMS  capability 
to  incorporate  patient  electronic  physiological  data  provided  by  the  Philips  MRx  m  onitor  within 
case  records  remained  under  development. 

Phase  2  (initial  award) 

Subtask  l.b  Develop  semi-automated  field  data  collection  system. 

mapped  to 


Phase  2  (modified) 

Subtask  l.b  Integrate  and  adapt  evolving  monitor  and  EMS  data  management  in 
Trauma  Vitals  pre-hospital  patient  data  collection. 

SwRI  developed  data  processing  al  gorithms  to  be  used  in  extracting  and  formatting  patient  case 
data  provided  by  the  MRx  monitor  that  was  in  use  by  the  SA  EMS  system.  This  work  was  based 
on  SwRI’s  understanding  of  the  c  ontent  and  for  mat  of  relevant  data  within  the  case  files 
produced  by  the  MRx  monitor.  Th  e  raw  files  containing  relevant  patient  data  are  p  roduced  and 


Southwest  Research  Institute  Project  No.  10.1043 
Final  Report,  Phase  2  -March  1,  2010 


9 


stored  within  the  monitor  during  patient  care  and  were  extracted  from  the  monitor  retrospectively 
for  project  data  collection  purposes.  SwRI-devel  oped  algorithms  organize  the  data  into  reports 
containing  content  and  fonn  atting  usable  by  the  CCCE  program.  The  algorithm  s  also  read  and 
process  embedded  case  timing  information  to  facilitate  case  association  and  case  timing  analysis. 
The  specially  developed  algorithms  are  also  cap  able  of  organizing  variab  le  strings  representing 
digitally  sampled  physiological  wavefonn  data  into  comm  a  separated  variable  files,  which 
facilitate  the  use  of  experimental  signal  processing  and  validation  techniques. 

SwRI  investigated  the  r  esults  of  numerous  sample  data  conversions  using  sam  pie  data  acquired 
by  employing  an  MRx  monitor  on  un-identified  paramedic  volunteers.  The  processing  algorithm 
investigations  were  conducted  interactively  as  a  num  ber  of  questions  were  answered  through 
contact  with  the  m  onitor  manufacturer  or  by  project  research  a  nd  investigations.  A  num  ber  of 
refinements  to  the  stru  cture  and  operation  and  op  erator  interfaces  were  also  incorporated  during 
the  development  of  the  process  algorithm  s.  SwRI  also  conducted  investigations  and  research  to 
answer  data  -  and  form  at-related  questions  arising  from  the  deve  loping  data  process  techniques 
and  validated  the  algorithm  output  by  com  parison  of  selected  output  data  against  the  output  of 
commercially  available  case  repor  ting  software  provided  by  the  m  onitor  m  anufacturer.  It  was 
anticipated  that  SwRI  would  soon  b  egin  pro  cessing  data  co  llected  for  multiple  actual  civilian 
trauma  cases  acquired  in  a  dynam  ic,  stressful,  and  sometimes  chaotic  environm  ent  during  field 
care  and  transport  of  seriously  injured  patients.  SwRI  continued  development  and  refinement  of 
the  data  processing  algorithms  during  Phase  2  as  variability  in  procedural  and  case  anatomy  were 
encountered  during  data  collection  operations. 

Phase  2  (initial  award) 

Subtask  2.b  Collaborate  with  ISR  on  Trauma  Vitals  data  research  and  data  mining  and 
visualization  methods. 


mapped  to 


Phase  2  (modified) 

Subtask  l.c  Support  and  collaborate  with  ISR  on  Trauma  Vitals  data  research  objectives 
and  data  mining  and  visualization  methods. 

SwRI  conducted  initial  meetings  with  USAISR  to  begin  to  unders  tand  current  and  planned  data 
research  capabilities  and  approaches  at  USAI  SR  within  the  CCCE  pr  oject.  SwRI  presented  a 
number  of  data  m  ining,  processing,  and  visuali  zation  concepts  that  ha  ve  been  derived  from 
previous  work  not  related  to  the  subject  project. 

SwRI  continued  developm  ent  and  refinem  ent  of  special  data  processing  algorithm  s,  based  on 
templates  and  other  input  provided  by  USAISR,  to  provide  needed  patient  m  onitor  data  in 
Extensible  Markup  Language  (XML)  data  files  w  ith  data  content  and  form  at  suitable  for  import 
into  the  CCCE  program  Trauma  Vitals  database. 

The  raw  MRx  monitor  data  files  that  contain  relevant  patient  data  are  produced  and  stored  within 
the  m  onitor  during  patient  care  and  are  ex  tracted  from  the  m  onitor  retrospectively  for  project 
data  collection  purposes.  The  physiological  data  f  iles  for  each  patient  care  in  terval  begin  when 
the  monitor  is  turned  on,  and  are  clo  sed  and  stored  within  the  monitor’s  internal  memory  when 
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the  monitor  is  turned  off.  After  completion  of  Task  2  of  the  subje  ct  project,  all  of  the  Ph  dips 
MRx  physiological  m  onitors  used  by  SA  EMS  were  upgraded  with  new  versions  of  operating 
firmware.  During  preparations  for  conduct  of  SOW  Tasks  3  and  4,  SwRI  and  SA  EMS 
collaborated  to  acquire  trial  raw  data  files  from  current  MRx  monitor  devices  for  pre-operational 
testing  and  analysis  of  SwRI  data  processing  algorithms.  SwRI  found  that  the  structure  and 
content  of  the  data  files  produced  by  the  m  onitor  during  patient  care  was  al  tered  pursuant  to  the 
monitor  firmware  upgrade.  SwRI  continued  in  teraction  with  SA  EMS  and  Ph  ilips  Med  ical 
Systems  (supplier  of  the  MRx  m  onitor)  and  reacted  to  these  changes  by  modifying  SwRI  patient 
data  processes,  as  needed,  to  produce  patient  data  files  usable  within  the  Trauma  Vitals  database. 

The  improved  data  extraction  algorithm  s  developed  by  SwRI  are  also  capable  of  extracting  and 
processing  embedded  monitor  start,  stop,  and  event  tim  e  information.  T  his  information  is  used 
to  facilitate  organization  of  the  needed  XML  data  files  for  each  case,  and  to  facilitate  association 
of  each  m  onitor  case  file  and  case  records  developed  by  S  A  EMS  during  each  inju  ry  response 
case.  The  extracted  m  onitor  start,  stop,  and  even  t  time  data  also  enable  case  timing  analyses 
relevant  to  the  goals  of  the  subject  study. 

SwRI  conducted  m  eetings  with  USAISR  duri  ng  Phase  2  of  the  subject  project  to  better 
understand  current  and  planned  data  research  capabi  lities  and  approaches  at  USAISR  within  the 
CCCE  project  and  to  discuss  questions  and  new  id  eas  regarding  analysis  and  interpretation  of 
data  within  the  research  database. 

PHASE  2  (initial  award) 

TASK  2.  Continue/expand  collection  and  research  of  EMS  Trauma  Vitals  data. 

mapped  to 

PHASE  2  (modified) 

TASK  2.  To  Conduct  First  Data  Acquisition  Interval  -  Manual  Data  Collect  Methods. 
Phase  2  (initial  award) 

Subtask  l.b  Develop  semi-automated  field  data  collection  system. 

mapped  to 


Phase  2  (modified) 

Subtask  2. a  Develop  operational  procedures;  prepare,  train,  and  coordinate  with  EMS. 

SwRI  initiated  renewal  and/or  m  odification  of  planned  sub -awards  and  agreem  ents  to  f  acilitate 
continuation  of  data  collection  and  processing  oper  ations  in  Phase  2.  This  included  consulting 
agreements  for  off-time  data  co llection  operations  by  selected  SA  EMS  param  edics  and  staff, 
consulting  for  case  association  and  analysis  by  the  Medical  Director  for  SA  EMS,  and  provisions 
for  rese  arch  nurse  work  at  USAI  SR  in  collecting  and  processing  in-hospital  da  ta  f  or  r  elevant 
qualifying  cases  for  the  CCCE  program. 
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SwRI  coordinated  and  planned  with  SA  EMS  to  establish  procedures  and  processes  for  manually 
identifying  candidate  qualifying  cases  (code  3  adult  traum  a  cases)  and  to  acquire  the  raw  MRx 
case  data  files  and  corresponding  S  A  EMS  run-sheet  and  patient  care  f  orms  (without  personal 
identifying  information)  for  the  identified  cases. 

The  case  s  election  pro  cess  f  or  the  initial  Pha  se  2  data  c  ollection  interval  was  f  ocused  on 
identification  of  all  code  3  injury  cases  handl  ed  by  the  SA  EMS  system  during  the  operational 
period.  This  information  was  gathered  by  frequent  sort  and  review  queries  on  SA  EMS  dispatch 
and  case  records.  Further  evaluation  was  required  to  exclude  cases  that  did  not  fit  the  qualified 
study  population. 

Information  available  from  the  SA  EMS  dispatch  and  case  records  included  identification  of  the 
unique  SA  EMS  unit  that  responded  in  the  case  of  interest  in  addi  tion  to  an  assigned  seven-digit 
SA  EMS  system  case  number,  date  and  time  information,  and  case  disposition  information.  The 
SA  EMS  seven-digit  case  num  her  was  used  to  coordinate  further  work  to  acquire  electronic 
monitor  data  with  SA  EMS,  as  personally  identifiable  information  was  not  available. 

The  patient  physiological  data  collection  process  required  physical  access  to  each  ambulance  that 
was  involved  in  each  of  the  iden  tified  candidate  cases,  retrospectively,  in  order  to  gain  access  to 
the  physiological  m  onitor  that  was  in  use  during  the  identified  case.  The  raw  data  files  for 
candidate  cases  were  then  m  anually  selected,  based  on  case  tim  e  and  date  inform  ation,  and 
extracted  from  the  monitor  internal  memory  and  stored  on  a  portable  memory  card. 

SwRI  continued  developm  ent  and  refinem  ent  of  algorithms  used  in  extracting  and  storing  the 
collected  raw  MRx  cas  e  data  file  s  from  m  onitor  m  emory  cards.  The  MRx  m  onitor  files,  as 
stored  on  the  m  onitor  m  emory  c  ard,  were  labe  led  with  an  encrypted  alpha-nu  meric  eight- 
character  label  and  were  not  read  ily  associable  with  identified  qualifying  case  time,  location,  or 
EMS  unit  number  infonnation.  SwRI  developed  special  data  transfer  algorithms,  deployed  on  a 
research  data  acquisition  laptop  computer,  which  provided  the  us  er  with  extracted  SA  EMS  unit 
number  and  m  onitor  start  date  and  tim  e  information  for  each  of  the  raw  MRx  data  files.  Once 
this  “cas  e  identifier”  in  for  mation  was  com  pared  with  th  e  prev  iously  iden  tified  candid  ate 
qualifying  case  list,  the  algor  ithm  provided  a  pr  ompt  to  the  operator  to  initiate  au  tomatic  data 
transfer  from  the  m  emory  card  to  the  lap  top  PC.  The  data  tran  sferred  to  the  d  ata  acquisition 
laptop  was  organized  by  tim  e  and  date  of  the  data  transfer  session  from  the  memory  card  to  the 
laptop,  and  the  raw  MRx  case  data  files  were  stored  within  folders  labeled  with  SA  EMS  unit 
number  and  monitor  start  date  and  time.  SwRI  coor  dinated  with  consulting  SA  EM  S  staff  and 
data  collection  personnel  thr  oughout  the  data  collec  tion  interval  on  refinem  ents  to  the  case 
identification  and  data  extraction  and  transfer  process. 

Subtask  2.b  Conduct  collection  operations  for  one  month,  all  SA  ambulances,  two 
hospitals. 

SwRI  and  SA  EMS  began  field  operations  for  the  first  planned  Phase  2  patient  data  collection 
interval  on  April  1,  2007  and  continued  operati  ons  through  May  3,  2007.  During  this  period, 
data  usable  within  the  Traum  a  Vitals  database  for  102  qualif  ying  patients  was  collected  and 
processed.  These  data  demonstrate  an  average  rate  of  qualifying  code  3  injury  patients  cared  for 
and  transported  across  the  SA  EM  S  organization  of  about  three  patients  per  day.  This  level  of 
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operations  reflects  a  sig  nificantly  high  volum  e  of  cases  for  which  needed  research  data  can  b  e 
acquired. 

Data  collected  retrospectively  from  monitors  used  in  patient  care  for  identified  cases  was  stored 
on  portable  memory  cards  compatible  with  the  MRx  monitor.  SwRI  a  nd  SA  EMS  collaborated 
continuously  during  the  period  of  operation  to  id  entify  and  evaluate  cases  and  to  transfer 
acquired  electronic  monitor  data  to  the  SwRI  da  ta  acquisition  laptop  PC  for  te  mporary  storage. 
The  data  collected  included  digital  physiologic  parameter  and  digitally-sampled  waveform  data 
files  along  with  assoc  iated  m  onitor  ser  ial  nu  mber,  operational  data,  events,  and  tim  es.  No 
personally  identifiable  information  was  included  in  the  electronic  files. 

As  the  f  ield  monitor  data  collection  work  proc  eeded,  SwRI  and  SA  EMS  also  collaborated  to 
collect  run-sheets  and  patient  care  forms  for  each  case,  as  routinely  gen  era  ted  during  SA  EMS 
operations,  f  or  identif  ied  cases  an  d  with  pers  onally  iden  tifiable  da  ta  deleted.  I  nformation 
obtainable  from  these  forms  included  the  SA  EMS  7-digit  case  number  assigned  to  each  case,  the 
unique  un  it  num  ber  of  the  am  bulance(s)  d  ispatched  for  the  cas  e,  th  e  age  of  the  patients  (s) 
involved,  the  general  type  of  incident  involved,  the  hospital(s)  receiving  the  pa  tient(s),  and  the 
date  and  time  of  the  EM  S  91 1  call,  tim  e  of  the  EMS  unit  arrival  at  the  scene,  and  time  of  EMS 
unit  arrival  at  the  receiving  hospital. 

Subtask  2.c  Review  and  upgrade  SwRI  Trauma  Vitals  data  process  algorithms  relative  to 
developing  data  content. 

During  conduct  of  the  first  of  th  e  three  planned  one -month  data  collection  intervals  for  Phase  2, 
SwRI,  working  with  SA  EMS,  accessed  patient  physiological  data  acquired  using  the  new  MRx 
monitor  during  patient  care  and  tr  ansport  re  trospectively  f  or  ea  ch  id  entitled  cand  idate  patient. 
SwRI  continued  work  to  enhance  the  utility  and  accu  racy  of  the  specia  1  data  processin  g 
algorithms  based  on  experience  gain ed  during  the  data  collection  in  terval.  SwRI  also  researched 
and  identified  process  improvem  ents  to  aid  in  a  ccuracy  of  case  tim  ing  and  association  efforts. 
SwRI  continued  to  research  cont  ent  and  f  ormat  related  questions  arising  from  the  developing 
data  process  techniques.  SwRI  continued  to  use  commercially  available  case  reporting  software, 
provided  by  the  m  onitor  manufacturer,  to  valida  te  data  process  convers  ion  and  output,  through 
comparison  of  selected  output  of  the  commercial  product  against  the  output  of  SwRI-developed 
data  processing  tools  focused  on  the  needs  of  the  Trauma  Vitals  database  and  the  CCCE 
program.  SwRI  anticipated  that  further  refinements  for  the  data  processing  algorithms  would  be 
identified  and  address  ed  as  m  ore  experience  wa  s  gained  in  processing  data  acquired  during 
sometimes  stressful  environm  ents  and  encounter  ing  un-anticipated  vari  ables  during  E  MS  field 
operations. 

It  is  notable  that  som  e  SA  EMS  ca  se  files  we  re  encountered  during  the  initial  P  hase  2  data 
collection  interva  1  which  inc  luded  inf  ormation  f  or  m  ultiple  pa  tients.  This  even  t  ar  ises  whe  n 
multiple  trauma  victims  are  as  sociated  with  a  single  incid ent.  Typica  lly,  each  cod  e  3  traum  a 
patient  is  cared  for  and  transported  by  different  responding  ambulances.  SA  EMS  c  ase  records, 
however,  are  developed  around  incidents  as  initia  ted  by  the  911  call  for  help.  Therefore,  SA 
EMS  case  f  iles  can  in  elude  inf  onnation  f  or  multiple  pa  tients  as  sociated  with  a  particu  lar 
incident. 
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It  is  also  notable  that  some  candidate  patient  cases  were  encountered  during  th  e  initial  Phase  2 
data  collection  interval  for  which  the  patient  was  triaged  and  cared  for  in  the  field  by  SA  EMS 
but  the  patient  was  ultimately  transported  to  a  hospital  by  air  helicopter  services.  This  typically 
occurs  when  a  particularly  em  ergent  traum  a  case  is  enco  untered  and  curren  t  traf  fic  or  other 
conditions  impact  the  ability  to  effect  a  quick  tr  ansport  of  an  injured  patient  to  a  hospital  by 
ground  systems.  For  qualified  patients  in  this  category,  electronic  pre-hospital  physiological  data 
acquired  during  the  early  ground  ca  re  (first  responder)  interval  of  the  case  was  collected  and 
processed  as  described  herein,  and  the  resul  ting  Trauma  Vitals  research  data  and  case 
information  was  noted  to  ref  lect  the  ultimate  air  transport  for  the  respe  ctive  case.  If  research 
electronic  pre-hospital  patient  data  was  being  collec  ted  within  the  resp  ective  helicopter  service, 
events  such  as  this  m  ay  provide  an  opportunity  to  m  erge  electronic  pr  e-hospital  patient  data 
collected  during  the  early  first  responder  ground  care  interval  and  the  fo  llowing  helicopter-based 
care  and  transport  interval  to  produce  research  data  records  spanning  the  combined  intervals. 

Candidate  patient  cases  were  also  encountered  during  th  e  initial  Phase  2  data  collection  interval 
where  multiple  electronic  monitor  files  were  generated  during  SA  EMS  care  and  tr  ansport  of  a 
single  patient.  This  occurs  when  the  m  onitor  in  use  is  turned  off  and  restarted  during  the  pre  - 
hospital  interval,  such  as  would  ha  ppen  if  the  monitor  batteries  become  depleted  and  need  to  be 
replaced  with  spare  charged  batteries. 

Subtask  2.d  Associate  cases,  process,  and  provide  pre-hospital  patient  data  to  ISR. 

In  order  to  develop  the  desired  research  data,  SwRI  needed  to  accurately  associate  identified  SA 
EMS  qualif  ying  patien  t  case  inf  ormation  with  th  e  appropriate  electronic  digital  data  files 
generated  by  the  MRx  monitor.  T  his  needed  to  be  accomplished  with  out  availability  of  patien  t 
personally  identifiable  information  within  the  records  or  files. 

Responding  SA  EMS  unit  number  identification  and  date  and  time  information  for  each  case  was 
derived  fro  m  SA  EMS  case  reco  rds  during  work  to  identify  pot  entially  qua  lifying  cases  f  or 
patient  data  collection.  Elect  ronic  data  files  produced  for  each  case  u  sing  the  MRx  m  onitor 
include  unique  monitor  serial  number  infonnation  within  the  contents  of  the  data  files.  In  order 
to  accurately  accom  plish  retrospective  associat  ion  between  identified  qualifying  SA  EMS  case 
records  and  electronic  data  files  extracted  from  the  MRx  monitors  used  during  patient  care  and 
transport  by  SA  EMS,  it  was  usef  ul  to  correla  te  individual  SA  EMS  un  its  and  the  monitors  on 
board  the  units.  This  provided  confirmation  that  electronic  monitor  files  under  examination  for  a 
particular  case  of  interest  were  corr  ectly  linked  to  the  individual  SA  EMS  unit  inv  olved  in  the 
case. 

In  order  to  confirm  whi  ch  MRx  m  onitor  files  we  re  a  ssociated  with  eac  h  S A  EMS  unit,  it  wa  s 
necessary  to  track  the  monitor  identification  (serial  number)  assigned  to  each  SA  EMS  unit.  A 
list  of  EMS  units  and  corresponding  MRx  monitor  serial  numbers  was  compiled  to  help  with  this 
issue;  however,  the  m  atching  of  EMS  unit  number  and  monitor  serial  num  ber  wa  s  subject  to 
change  during  the  data  collection  interval.  Such  changes  were  usually  the  result  of  an  SA  EMS 
crew  encountering  a  problem  in  th  e  use  of  an  assigned  monitor  and  tern  porarily  replacing  the 
suspect  monitor  with  one  from  a  pool  of  spare  monitors  until  the  assigned  monitor  was  returned 
to  service.  SwRI  and  SA  EMS  collaborated  to  deal  with  these  variables  by  including  all  available 
spare  MRx  m  onitors  in  the  list  o  f  m  onitors  used  by  SA  EMS  and  vigilantly  tracking  the 
movement  of  spare  monitors  as  deployed  to  EMS  units  in  the  field. 
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Further  association  between  electronic  data  files  extracted  from  the  MRx  monitor  used  in  patient 
care  and  transport  and  the  SA  EMS  case  reco  rd  for  a  case  of  interest  was  achieved  by  examining 
the  date  and  tim  e  of  the  beginni  ng  of  the  electronic  files  developed  within  the  monitor  during 
use.  The  monitor  session  tim  es  contained  within  electronic  files  were  corre  lated  with  th  e  SA 
EMS  records  including  date  and  times  for  the  re  levant  911  call  for  help,  SA  EMS  dispatch  tim  e, 
and  time  of  arrival  of  the  SA  EMS  unit  on  the  scene. 

Data  f  iles  within  the  monitor  m  emory  begin  at  the  tim  e  the  m  onitor  is  turn  ed  on  and  a  re 
tenninated  and  stored  as  the  monitor  is  turned  off.  The  monitor  is  capable  of  displaying  (on  the 
monitor  s  creen)  a  list  o  f  file  folders  containing  data  sto  red  for  each  monitor  opera  tion  interval 
that  is  labeled  with  the  date  and  time  that  the  monitor  was  turned  on  for  each  interval.  The  MRx 
monitor  places  start,  st  op,  and  event  tim  e  data  within  each  el  ectronic  file  gene  rated  and  stored 
during  use.  The  tim  e  information  included  in  the  monitor  reco  rd  is  d  erived  from  an  in  temal 
clock,  which  is  not  autom  atically  synchronized  with  the  S  A  EMS  dispatch  and  case  track  ing 
system  clock.  This  issue  was  found  to  be  a  sour  ce  of  potential  errors  or  uncertainty  in  case 
association  and  development  of  case  timing  relationships  for  the  first  few  cases  for  which  patient 
data  was  collected  and  processed.  S  wRI  and  SA  EMS  adopted  procedures  to  check  the  m  onitor 
clock  settin  g  each  tim  earn  onitor  was  access  ed  for  data  collection  an  d  note  tim  e  differences 
between  the  m  onitor  internal  clock  and  the  syst  em  clock,  and  to  then  synchronize  the  m  onitor 
clock  with  the  system  clock  if  needed.  This  procedure  provided  infonnation  needed  to  assess  the 
accuracy  of  relative  timing  between  events  found  in  the  monitor  electronic  data  and  the  SA  EMS 
case  run  -sheets  and  case  sumin  ary  fonn  s  for  identified  qualif  ying  cases,  and  to  apply 
retrospective  corrective  factors  if  needed. 

Finally,  all  electronic  files  extracted  from  MRx  monitors  during  the  data  collection  interval  were 
imported  in  to  comm  ercially  ava  ilable  cas  e  su  mmary  reporting  sof  tware  prov  ided  by  Philip  s 
Medical  System  s,  the  m  anufacturer  of  the  M  Rxm  onitor.  W  hile  this  tool  did  not  process  or 
retain  much  of  the  inf  onnation  required  f  or  use  in  the  Trau  ma  Vitals  databas  e,  it  was  a  usef  ul 
tool  for  con  finnation  of  accurate  as  sociation  of  SA  EMS  cases  of  interest  and  electronic  data 
files  obtained  retrospectively  from  the  MRx  m  onitors.  The  tool  displa  yed  a  list  o  f  the  MRx 
monitor  files  entered,  including  the  monitor  serial  number,  an  encrypted  case  identifier  number, 
the  da  te  an  d  tim  e  of  th  e  beginning  of  the  operation  interval  ,  and  other  inform  ation.  The  tool 
provided  the  ability  to  review  the  list  of  cases  as  a  group,  so  rted  by  chronological  order  or  by 
monitor  serial  number,  which  was  correlatable  to  a  unique  SA  EMS  unit.  The  ability  to  examine 
this  summary  information  for  a  group  of  electronic  monitor  files  collected  during  an  increment  of 
time  was  he  lpful  in  cro  ss-checking  and  conf  inning  case  associations  base  d  on  individual  file 
examination,  and  in  detecting  and  resolving  un  usual  events  such  as  m  ultiple  electronic  monitor 
files  generated  for  a  single  patient,  multiple  patients  listed  within  a  single  SA  EMS  case  file,  and 
manual  entry  errors  or  inconsistencies. 

The  data  files  collected  from  the  monitor  used  in  the  r  espective  EM  S  unit  f  or  a  n  identif  ied 
qualifying  case  were  typically  a  se  t  of  three  to  six  m  onitor  file  folders  labeled  (on  the  m  onitor 
display)  with  start  tim  es  near  the  anticipated  monitor  start  time,  based  on  knowledge  of  the  SA 
EMS  unit  d  ispatch  tim  e  and  tim  e  of  arrival  a  t  the  scene  for  the  identified  cand  idate  case. 
Electronic  monitor  file  s  found  not  to  associate  with  iden  tilled  qualifying  cases  were  not 
processed  and  were  deleted  from  the  records. 
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During  the  Phase  2  initial  data  collection  interval,  SwRI  and  SA  EM  S  identified  109  code  3 
injury/trauma  cases  for  data  collection  and  processing  for  the  subject  study.  During  retrospective 
analysis,  nine  patient  records  were  excluded  fr  orn  the  study  because  it  could  not  be  established 
that  the  patients  m  et  age  criteria  for  the  subj  ect  study.  An  additional  two  patient  records  were 
excluded  from  the  stud  y  because  accurate  asso  ciation  between  the  respective  SA  EMS  cas  e 
records  and  electronic  monitor  f  iles  could  no  t  be  adequately  established.  Excluded  cases  were 
not  further  processed  and  respective  data  were  discarded.  In  two  cases,  two  electronic  m  onitor 
files  were  genera  ted  w  ithin  the  M  Rx  m  onitor  f  or  the  sa  me  patient  and  were  c  ollected  and 
processed  accordingly.  In  four  of  the  SA  EMS  case  records,  two  patients  were  cared  for  and 

transported  by  different  SA  EMS  ambulances,  due  to  injuries  sust  ained  in  the  sam  e  incident 
(same  SA  EMS  case).  Therefore,  SwRI  provided  a  total  of  104  processed  data  files  for  use  in  the 
Trauma  Vitals  database,  reflecting  pre-hospital  data  acquired  for  102  qualifying  patients. 

SwRI  provided  the  electronic  pre-hospital  data  for  the  102  qualifying  patients  as  processed  for 
use  in  the  T  rauma  Vitals  databa  se  to  USAISR  .  Also,  the  respective  S  A  EMS  run-sheets  and 
patient  care  forms  that  were  acquired  during  the  Ph  ase  2  initial  data  collection  interval,  withou  t 
personally  identifiable  information,  were  also  provided  to  USAISR  for  use  in  the  CCCE  research 
program. 

In  addition  to  providing  relativ  ely  high  volum  es  of  data  for  the  CCCE  research  program  ,  the 
subject  study  was  also  focused  on  beginning  pre-hos  pital  patient  data  acqui  sition  as  early  in  an 
injury  event  as  practical.  Analysis  relevant  to  the  design  of  the  s  ubject  study  included  tim  ing 
analyses  for  qualifying  cases  for  which  patient  pre-hospital  data  was  collected  and  processed  and 
ultimately  p  rovided  f  or  f  urther  res  earch  pu  rposes.  The  I  nitial  Da  ta  Delay  (  IDD),  which  is 
defined  as  the  tim  e  delay  between  an  injury  ev  ent  and  the  beginning  of  acquisition  of  the  pre¬ 
hospital  m  onitor  ele  ctronic  data  f  or  res  earch  purposes,  was  derived  from  date  and  tim  e 
information  contained  in  the  SA  EMS  run-sheet  and  patient  care  form  records  and  sim  ilar 
information  contained  within  the  respective  electronic  monitor  files. 

As  previously  reported,  during  Phase  1  of  the  s  ubject  study,  a  lim  ited  pre-hospital  patient  data 
collection  interval  was  conducted  using  a  differe  nt  m  onitor  and  a  fraction  of  the  a  mbulances 
operating  in  the  SA  EMS  system  .  Timing  analyses  were  conducted  for  the  25  qualifying  cases 
encountered  during  the  Phase  1  gr  ound  EMS  data  collection  interv  al  and  for  a  random  cohort  of 
57  qualifying  cases  transported  to  participati  ng  San  Antonio  Level  1  Trauma  Centers  b  y 
helicopter  s  ervices.  Collabora  five  c  omparative  analyses  by  SwRI  and  USAISR  de  monstrated 
that,  f  or  the  se  sam  pies,  the  Mean  Initial  Data  Delay  (MI  DD)  tim  e  value  f  or  the  helicop  ter 
services  was  almost  15  minutes  longer  than  the  MIDD  experienced  by  the  ground  S  A  EMS  first 
responder  system .  Further  analysis  of  the  varian  ces  between  the  two  data  sets  demonstrated  a 
statistically  significant  difference  between  the  two  groups  (p<0.05). 

Similar  analyses  were  conducted  for  the  pre-ho  spital  patient  data  acqui  red  during  the  initia  1 
Phase  2  data  collection  interval.  F  or  this  da  ta  population  of  102  qualif  ying  patient  cases,  the 
MIDD  experienced  by  the  ground  EMS  first  responder  system  was  shorter  (approximately  17.5% 
less  delay)  than  the  MIDD  obtained  during  the  limited  Phase  1  interval.  For  com  parative 
analyses  of  IDD  data  as  reported  for  Phase  2,  a  n  onpaired,  two  tailed  Student’s  t-test  was  applied 
to  assess  differences  between  groups  using  Excel  (Microsoft  2007).  P-values  <  0.05  were 
considered  significant.  Com  parative  analysis  between  the  MIDD  obtained  during  the  Phase  2 
initial  ground  EMS  collection  interval  and  the  MIDD  for  t  he  previous  random  cohort  of  cases 
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transported  by  helicopter  serv  ices  showed  that,  for  these  sam  pies,  the  ground  EMS  first 
responder  services  experienced  a  MIDD  al  most  19  minutes  shorter  than  the  MIDD  experienced 
by  the  helicopter  services.  Furt  her  analys  is  of  the  variances  betw  een  th  e  tw  o  data  sets 
demonstrated  a  statistically  si  gnificant  difference  between  the  tw  o  groups  (p<0.05).  A  summ  ary 
of  statistical  values  deri  ved  from  analysis  of  the  two  data  p  opulations  is  presented  in  Table  1. 
Data  from  this  analysis  are  graphically  presen  ted  as  m  eans  ±  standard  deviation  in  Figure  1. 
Table  1  contains  m  inor  corrections  for  two  typo  graphical  errors  discovered  in  interim  reporting 
for  the  subject  project.  Errors  found  in  prev  iously  reported  versions  of  the  table  for  the 
comparative  tim  e  difference  (  A=Gnd-Air  [absolute  value])  for  th  e  standard  deviation  and  the 
range  of  the  two  study  populations  have  been  corrected  in  Table  1. 

Table  1.  Statistical  Summary  of  Initial  Data  Delay  Times  for  Air  and  Ground  Services;  Phase  2  Initial 

Ground  EMS  Data  Collection  Interval 


Ground  EMS  Service 
Phase  2,  1st  Interval 
(n=102);  (hr:min:sec) 

Helicopter  Service 
(n=57);(hr:min:sec) 

A=Gnd-Air 
(abs.  val.) 
(hr:min:sec) 

MIDD 

00:19:11 

00:37:59 

00:18:48 

Standard  Deviation 

00:06:46.4 

00:19:34.8 

00:12:48.4 

Range 

00:35:44 

01:28:41 

00:52:57 

95%  Confidence  Interval 
Upper  Bound 

00:20:30 

00:43:11 

00:22:41 

95%  Confidence  Interval 

Lower  Bound 

00:17:52 

00:32:48 

00:14:56 
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Figure  1.  IDD  Analysis  Results;  Phase  2  Initial  Ground  EMS  Interval  Compared  to  Helicopter  Experience 

For  these  samples,  the  helicopter  data  began  98%  (MIDD)  later  than  the  ground  EMS  system 
after  the  estimated  time-of-injury. 

TASK  3.  To  Conduct  Second  Data  Acquisition  Interval  -  Improved  Manual  Data  Collect 
Methods. 

Subtask  3. a  Develop  operational  procedures;  prepare,  train,  and  coordinate  with  EMS. 

As  described  in  the  introduction  se  ction  of  this  report,  SwRI  im  plemented  contingency  plans  for 
conduct  of  the  second  Phase  2  data  collection  interval  of  the  subject  project.  SwRI  and  SA  EMS 
collaborated  to  conduct  the  Phase  2  second  data  collection  interval  using  similar  manual  methods 
as  developed  and  used  in  the  Phase  2  initial  data  collection  interval.  SwRI  continued 

coordination  and  planning  with  SA  EMS  related  to  procedures  and  processes  for  identification  of 
candidate  qualifying  cases  (code  3  adult  traum  a  cases)  and  for  acquisition  of  relevant  raw  MRx 
monitor  case  data  files  and  re  lated  SA  EMS  run-sheets  and  pati  ent  care  forms  (without  personal 
identifying  information)  for  the  identified  cases. 

Additional  operating  and  standby  ambulances  were  added  to  the  SA  EMS  fleet  between  conduct 
of  the  first  and  second  data  collection  interv  als.  Also,  assignm  entsofM  Rx  physiological 
monitors  in  use  by  the  S  A  EMS  were  adjusted  du  ring  this  time.  A  larger  pool  of  spare  m  onitors 
was  established  by  SA  EMS  and  sp  are  monitors  were  deployed  as  needed  to  operating  SA  EMS 
units  when  an  assigned  m  onitor  was  found  to  re  quire  service.  SwRI  adapted  the  specially 
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developed  data  transfer  algorithms,  deployed  on  the  re  search  data  a  cquisition  laptop  computer, 
which  provided  the  user  with  extracted  SA  EMS  unit  or  spare  monitor  number  and  monitor  start 
date  and  time  information  for  each  of  the  raw  MRx  data  files  that  were  acquired. 

Coordination,  training,  and  preparation  work  between  SwRI  and  SA  EMS  was  conducted  sim  ilar 
to  that  reported  for  the  initial  Phase  2  data  collection  interval. 

Subtask  3.b  Conduct  collection  operations  for  one  month,  all  SA  ambulances,  2  hospitals. 

SwRI  and  SA  EMS  began  field  operations  for  the  second  planned  Phase  2  patient  data  collection 
interval  on  April  1,  200  9  and  continued  operations  through  April  30,  2009.  During  this  30  day 
period,  data  ultimately  usable  within  the  Trauma  Vitals  database  for  48  qualifying  patients  was 
collected. 

Data  was  collected  during  the  second  Phase  2  da  ta  collection  interval  retrospectively  from 
monitors  us  ed  in  patien  t  care  f  or  identif  ied  cases  and  was  stored  on  portable  m  emory  cards 
compatible  with  the  M  Rx  monitor  as  descr  ibed  for  the  initial  Phase  2  data  collec  tion  interval. 
SwRI  and  SA  EMS  collaborated  continuously  dur  ing  the  period  of  opera  tion  to  identify  and 
evaluate  cas  es  and  to  tr  ansfer  acquired  ele  ctronic  m  onitor  data  to  th  e  SwRI  data  acquis  ition 
laptop  PC  for  temporary  storage.  The  data  coll  ected  included  digital  physiologic  param  eter  and 
digitally-sampled  waveform  data  files  along  with  associated  monitor  serial  number,  operational 
data,  events,  and  times.  No  personally  identifiable  information  was  included  in  this  data. 

As  the  f  ield  monitor  data  collection  work  proc  eeded,  SwRI  and  SA  EMS  also  collaborated  to 
collect  case  run-sheets  and  patient  care  forms,  as  routinely  generated  during  SA  EMS  operations, 
for  identified  candidate  cases,  wi  th  personally  identifiable  data  deleted.  Information  obtainable 
from  these  for  ms  inclu  des  the  SA  EMS  seven  digit  case  num  her  assigne  d  to  each  cas  e,  th  e 
unique  un  it  num  her  of  the  am  bulance(s)  d  ispatched  for  the  cas  e,  th  e  age  of  the  patients  (s) 
involved,  the  general  type  of  inci  dent  involved,  the  hospital(s)  re  ceiving  the  patient(s),  the  date 
and  time  of  the  EMS  911  call,  tim  e  of  the  EMS  un  it  arrival  at  the  scene,  and  tim  e  of  EMS  unit 
arrival  at  the  receiving  hospital. 

Subtask  3.c  Review  and  upgrade  SwRI  Trauma  Vitals  data  process  algorithms  relative  to 
developing  data  content. 

SwRI  continued  work  to  enhance  the  utility  and  accu  racy  of  the  specia  1  data  processin  g 
algorithms  based  on  experience  gained  during  the  initial  Phase  2  data  collection  interval.  During 
the  tim  e  between  com  pletion  of  the  Phase  2  initial  data  c  ollection  in  terval  and  the  star  t  of 
preparations  for  conduct  of  the  Phase  2  second  da  ta  collection  interv  al,  all  of  the  P  hilips  MRx 
physiological  monitors  used  by  SA  EMS  were  upgraded  with  revised  operating  firm  ware.  SwRI 
continued  interaction  with  SA  EMS  and  Philips  Medical  Systems  (supplier  of  the  MRx  monitor) 
to  react  to  changes  in  the  monitor  data  output  files  by  modifying  and  testing  SwRI  patient  data 
processes  as  needed  to  produce  patient  data  files  usable  within  the  Trauma  Vitals  database. 

SwRI  also  researched  and  identified  process  improvements  to  aid  in  accuracy  of  case  tim  ing  and 
association  efforts.  SwRI  continued  to  research  content  and  fonnat  related  questions  arising  from 
the  developing  data  process  techniques.  SwRI  continued  to  use  comm  ercially  availab  le  cas  e 
reporting  software,  provided  by  the  monitor  m  anufacturer,  to  validate  da  ta  process  conversion 
and  output,  through  comparison  of  selected  output  of  the  commercial  product  against  the  output 
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of  SwRI-developed  data  processing  tools  focused  on  the  needs  of  the  Trauma  Vitals  database  and 
the  CCCE  program. 

One  of  the  candidate  SA  EMS  cases  encounter  ed  during  conduct  of  the  second  Phase  2  data 
collection  interva  1  inc  luded  patien  t  care  and  tr  ansport  of  two  qualifying  patients,  as  m  ore 
completely  described  for  the  initial  data  collection  interval.  Electronic  m  onitor  data  and  related 
SA  EMS  run-sheets  and  patient  care  form  s  were  identified  and  collected  for  both  p  atients  that 
were  associated  with  the  same  SA  EMS  case  number 

Subtask  3.d  Associate  cases,  process,  and  provide  pre-hospital  patient  data  to  ISR. 

In  order  to  develop  the  desired  research  data,  SwRI  needed  to  accurately  associate  identified  SA 
EMS  qualif  ying  patien  t  case  inf  ormation  with  th  e  appropriate  electronic  digital  data  files 
generated  by  the  MRx  monitor.  T  his  needed  to  be  accomplished  with  out  availability  of  patien  t 
personally  identifiable  information  within  the  records  or  files.  These  operations  were  conducted 
as  described  above  for  the  initial  data  collection  interval  conducted  during  Phase  2. 

During  the  Phase  2  second  data  collection  interv  al,  SwRI  and  SA  EMS  identified  75  candidate 
cases  for  data  collection  and  processing  for  the  subject  study.  During  collection  operations,  data 
for  eight  of  the  identified  cases  were  not  collectable  as  the  target  case  data  had  been  overwritten 
by  new  case  data  within  the  subject  SA  EMS  monitors.  SwRI  and  SA  EMS  operated  to  collect 
and  process  electronic  monitor  data  for  67  code  3  injury/trauma  cases  identified  as  candidates. 
During  retro  spective  analysis,  20  cases  were  excluded  from  the  study  b  ecause  it  co  uld  not  b  e 
established  that  the  patien  ts  met  age  criteria  for  the  su  bject  study,  because  an  accurate 
association  between  the  respectiv  e  SA  EMS  case  record  s  and  electronic  monitor  files  could  not 
be  adequately  established,  or  b  ecause  corrupted  electron  ic  data  files  were  encou  ntered  during 
processing.  Excluded  cases  were  not  further  pro  cessed  and  respective  data  were  discarded.  For 
one  case,  two  patients  w  ere  cared  for  and  tran  sported  by  different  SA  EMS  am  bulances,  due  to 
injuries  sustained  in  the  same  incident  (same  SA  EMS  case).  Therefore,  SwRI  provided  a  total  of 
48  processed  data  files  for  use  in  the  Trauma  Vitals  database,  reflecting  pre-hospital  data 
acquired  for  48  qualifying  patients. 

SwRI  provided  the  electronic  pre-hospital  data  for  the  48  qualifying  patients  as  processed  for  use 
in  the  Trauma  Vitals  database  to  USAISR.  Al  so,  the  respective  SA  EMS  run-sheets  and  patient 
care  form  s  that  were  acquired  during  the  Phase  2  second  data  collection  interval,  without 
personally  identifiable  information,  were  also  provided  to  USAISR  for  use  in  the  CCCE  research 
program. 

Case  tim  ing  data  and  associated  analyses  rele  vant  to  the  goals  of  the  subject  study  were 
combined  for  Phase  2  Task  3  (second  of  three  pi  anned  Phase  2  data  colle  ction  intervals)  and 
Phase  2  Tas  k  4  (third  o  f  three  plan  ned  Phase  2  data  collection  intervals).  A  summary  of  the 
acquired  case  tim  ing  data  and  an  alysis  results  f  or  data  c  ollected  during  Task  3  and  Task  4 
combined  is  presented  in  Task  4,  Subtask  4d  of  this  report. 

TASK  4.  To  Conduct  Third  Data  Acquisition  Interval  -  Integrated  with  EMS  Operations, 
Subtask  4.a  Develop  operational  procedures;  prepare,  train,  and  coordinate  with  EMS, 

As  described  in  the  introduction  se  ction  of  this  report,  SwRI  im  plemented  contingency  plans  for 
conduct  of  the  third  Phase  2  data  collection  interval  of  the  subject  project.  SwRI  and  SA  EMS 
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collaborated  to  conduct  the  Phase  2  third  data  co  llection  interval  using  sim  ilar  manual  methods 
as  developed  and  used  in  the  first  and  second  ph  ase  2  data  collection  inte  rvals.  SwRI  continued 
coordination  and  planning  with  SA  EMS  related  to  procedures  and  processes  for  identification  of 
candidate  qualifying  cases  (code  3  adult  traum  a  cases)  and  for  acquisition  of  relevant  raw  MRx 
monitor  case  data  files  and  SA  EMS  run-sheet  and  patient  care  form  data  (without  personal 
identifying  information)  for  the  identified  cases. 

During  conduct  of  the  second  and  third  planned  data  collection  in  terval  for  Phase  2,  it  became 
apparent  that  the  num  ber  of  qualifying  cases  fo  r  which  pre-hospital  phy  siological  and  related 
case  infonnation  data  could  be  collected  was  lo  wer  than  the  anticipate  d  100  cases  per  interval. 
SwRI  and  SA  EMS  collaborated  to  extend  data  collection  operations  in  order  to  acquire  data  for 
the  anticip  ated  num  ber  of  cases.  Therefore,  th  e  Phase  2  third  da  ta  colle  ction  inte  rval  was 
actually  conducted  as  two  sub-inte  rvals,  identified  as  interval  3a  and  interval  3b.  SwRI  and  SA 
EMS  continued  preparations  and  coordination  for  the  conduct  of  data  collection  intervals  3a  and 
3b  in  similar  fashion  as  that  described  for  the  phase  2  second  data  collection  interval. 

Subtask  4.b  Conduct  collection  operations  for  one  month,  all  SA  ambulances,  two 
hospitals. 

SwRI  and  SA  EMS  began  field  operations  for  the  third  planned  Phase  2  patient  data  collection 
interval  (interval  3a)  on  Ma  y  1,  2009  and  continue  d  operations  through  May  31,  2009.  During 
this  3 1  day  period,  data  ultim  ately  usable  within  the  Traum  a  Vitals  database  for  87  qualifying 
patients  was  collected.  The  extended  Phase  2  thir  d  da  ta  co  llection  inte  rval  (interval  3b)  was 
conducted  between  No  vember  1,  2009  and  Decern  ber  15,  2009.  During  in  terval  3b,  data 
ultimately  u sable  within  the  Trauma  Vitals  da  tabase  for  74  qualif  ying  patients  was  colle  cted. 
Combining  these  sub- intervals,  161  qualifying  patient  cases  ultim  ately  usable  in  the  Traum  a 
Vitals  database  resulted  from  project  operations  during  the  Phase  2  third  data  collection  interval. 

Data  collection  operatio  ns  for  the  Phase  2  third  data  collection  in  terval  (3a  and  3b)  wer  e 
conducted  similar  to  the  Phase  2  first  and  second  data  collection  intervals  described  earlier  in  this 
report.  Data  was  collected  during  the  third  Phase  2  data  collection  interval  retrospectively  from 
monitors  us  ed  in  patien  t  care  f  or  identified  cases  and  was  stored  on  portable  m  emory  cards 
compatible  with  the  M  Rx  monitor  as  descr  ibed  for  the  initial  Phase  2  data  collec  tion  interval. 
SwRI  and  SA  EMS  collaborated  continuously  dur  ing  the  period  of  opera  tion  to  identify  and 
evaluate  cas  es  and  to  tr  ansfer  acquired  ele  ctronic  m  onitor  data  to  th  e  SwRI  data  acquis  ition 
laptop  personal  com  puter  (PC)  for  tern  porary  st  orage.  The  data  collected  included  digital 
physiologic  parameter  and  digitally-sampled  waveform  data  files  along  w  ith  associated  monitor 
serial  number,  operational  data ,  events,  and  tim  es.  No  persona  lly  identifiable  information  was 
included  in  this  data. 

As  the  f  ield  monitor  data  collection  work  proc  eeded,  SwRI  and  SA  EMS  also  collaborated  to 
collect  case  run-sheets  and  patient  care  forms,  as  routinely  generated  during  SA  EMS  operations, 
for  identified  candidate  cases,  wi  th  personally  identifiable  data  deleted.  Information  obtainable 
from  these  for  ms  inclu  des  the  SA  EMS  seven  digit  case  num  ber  assigne  d  to  each  cas  e,  th  e 
unique  un  it  num  ber  of  the  am  bulance(s)  d  ispatched  for  the  cas  e,  th  e  age  of  the  patients  (s) 
involved,  the  general  type  of  inci  dent  involved,  the  hospital(s)  re  ceiving  the  patient(s),  the  date 
and  time  of  the  EMS  911  call,  tim  e  of  the  EMS  un  it  arrival  at  the  scene,  and  tim  e  of  EMS  unit 
arrival  at  the  receiving  hospital. 
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Subtask  4.c  Review  and  upgrade  SwRI  Trauma  Vitals  data  process  algorithms  relative  to 
developing  data  content. 

During  conduct  of  the  third  of  the  three  planne  d  data  collection  intervals  for  Phase  2,  SwRI 

worked  with  SA  EMS  to  access  patien  t  physiol  ogical  data  acquired  us  ing  the  MRx  m  onitor 
during  patient  care  and  transport  retrospectiv  ely  for  each  identified  patien  t.  This  was 
accomplished  as  described  above  for  the  first  and  second  phase  2  data  collection  interval. 

During  conduct  of  the  third  Phase  2  data  collecti  on  interval,  two  patient  cases  were  encountered 
for  which  patients  were  triaged  and  cared  for  in  the  field  by  SA  EMS  but  the  patient  was 
ultimately  transported  to  a  hospital  by  air  helicopter  services.  For  these  patients,  electronic  pre¬ 
hospital  physiological  data  acquired  during  the  early  ground  care  (first  responder)  interval  of  the 
case  was  collected  and  processed  as  described  h  erein,  and  the  resulting  Traum  a  Vitals  research 
data  and  cas  e  information  was  noted  to  ref  lect  the  ultimate  air  transpo  rt  for  the  resp  ective  case. 
Research  electron  ic  pre-hospital  patien  t  data  may  be  also  collec  ted  within  the  respective 
helicopter  service,  and  events  su  ch  as  this  m  ay  provide  an  opport  unity  to  m  erge  electronic  pre¬ 
hospital  patient  data  collected  during  the  early  first  responde  r  ground  care  interval  and  the 
following  helicopter-based  care  and  transport  interval  to  produce  research  data  records  spanning 
the  combined  intervals. 

One  SA  EMS  patient  case  was  encountered  during  the  Phase  2  third  data  collection  interval  that 
included  inf  ormation  for  m  ultiple  p  atients,  and  six  SA  EMS  patient  cas  es  were  encountered 
where  multiple  MRx  monitor  files  were  collected  for  each  patien  t.  The  reasons  for  these  c  ase 
structures  and  their  relationships  to  pre-hospital  data  collected  for  these  cases  were  addressed  in 
discussions  for  the  initial  and  second  Phase  2  data  collection  intervals. 

Subtask  4.d  Associate  cases,  process,  and  provide  pre-hospital  patient  data  to  ISR. 

In  order  to  develop  the  desired  research  data,  SwRI  needed  to  accurately  associate  identified  SA 
EMS  qualif  ying  patien  t  case  inf  ormation  with  th  e  appropriate  electronic  digital  data  files 
generated  by  the  MRx  monitor.  T  his  needed  to  be  accomplished  with  out  availability  of  patien  t 
personally  identifiable  information  within  the  records  or  files.  These  operations  were  conducted 
as  described  above  for  the  first  and  second  data  collection  intervals  conducted  during  Phase  2. 

During  the  extended  Phase  2  third  data  collection  interval  (both  intervals  3a  and  3b),  SwRI  and 
SA  EMS  identified  182  candidate  ca  ses  for  data  collection  and  pro  cessing  for  the  subject  study. 
SwRI  and  SA  EMS  operated  to  co  llect  and  process  electronic  m  onitor  data  for  all  of  the  182 
code  3  injury/trauma  cases  identified  as  candidates.  During  retrospective  analysis,  22  cases  were 
excluded  from  the  study  because  it  could  not  be  es  tablished  that  the  patients  m  et  age  criteria  for 
the  subject  study,  because  an  accurate  associatio  n  between  the  respectiv  e  SA  EMS  case  records 
and  electronic  monitor  files  could  not  be  adequately  established,  or  because  corrupted  electronic 
data  files  w  ere  encountered  during  processing.  Excluded  cases  were  not  further  processed  and 
respective  data  were  dis  carded.  For  one  case,  two  patients  were  cared  for  and  transported  by 
different  SA  EMS  am  bulances,  due  to  injuries  sustained  in  the  sam  e  incident  (sam  e  SA  EMS 
case).  For  six  cases,  two  monitor  files  were  generated  during  pre-hospital  care  and  transport  of  a 
single  patient  as  described  earlier  in  this  re  port.  Therefore,  SwRI  provided  a  total  of  167 
processed  data  files  for  use  in  the  Trauma  Vitals  database,  reflecting  pre-  hospital  data  acquired 
for  161  qualifying  patients. 
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SwRI  provided  the  electronic  pre-hospital  data  for  the  161  qualifying  patients  as  processed  for 
use  in  the  T  rauma  Vitals  databa  se  to  USAISR  .  Also,  the  respective  S  A  EMS  run-sheets  and 
patient  care  forms  that  were  acqu  ired  during  the  Phase  2  third  data  collection  interval,  without 
personally  identifiable  information,  were  also  provided  to  USAISR  for  use  in  the  CCCE  research 
program. 

As  described  for  the  initial  Phase  2  data  collection  interval,  analysis  relevant  to  the  design  of  the 
subject  study  included  tim  ing  analyses  for  qualif  ying  cases  for  which  patient  pre-hospital  data 
was  collected  and  processed  and  ultim  ately  prov  ided  for  furt  her  research  purposes.  The  IDD 
time  interval  was  derive  d  from  date  and  tim  e  information  contained  in  the  SA  EMS  run-sheet 
and  patient  care  fonn  records  and  sim  ilar  information  contained  within  the  respective  electronic 
monitor  files. 

During  Phase  1  of  the  subject  st  udy,  a  lim  ited  pre-hospital  patient  data  colle  ction  interval  was 
conducted,  using  a  different  m  onitor  and  a  fraction  of  the  ambulan  ces  operating  in  the  SA  EMS 
system.  Tim  ing  analyses  were  conducted  fo  r  the  25  qualif  ying  cases  encountered  during  the 
Phase  1  ground  EMS  data  collect  ion  interval  and  for  a  random  cohort  of  57  qualifying  cases 
transported  to  par  ticipating  San  A  ntonio  Le  vel  1  Traum  a  Centers  by  helicopter  services. 
Collaborative  comparative  analyses  by  SwRI  and  USAISR  demonstrated  that,  for  these  samples, 
the  MIDD  tim  e  value  for  the  helicopter  services  was  aim  ost  15m  inutes  longer  than  the  MIDD 
experienced  by  the  ground  SA  EM  S  first  responder  system.  Furthe  r  analysis  of  the  variances 
between  the  two  data  sets  dem  onstrated  a  sta  tistically  s  ignificant  dif  ference  betwe  en  the  two 
groups  (p<0.05). 

Similar  analyses  were  conducted  for  com  bined  pre-hospital  patient  da  ta  acquired  during  the 
second  and  third  Phase  2  data  co  llection  intervals.  For  this  larger  da  ta  population  of  209 
qualifying  patient  cases,  the  MIDD  experience  d  by  the  ground  EMS  first  responder  syste  m 
during  the  Phase  2  second  and  th  ird  data  collection  intervals  was  18.48  minutes,  or  42  seconds, 
shorter  (approxim  ately  3.6%  less  delay)  than  the  MIDD  obtained  during  the  initial  Phase  2 
ground  EMS  data  collection  inte  rval  (n=  102)  and  4.77  m  inutes  shorter  (approximately  20.5% 
less  delay)  than  the  MIDD  experienced  in  th  e  lim  ited  ground  EMS  Phase  1  (n=25)  interval. 
Comparative  analysis  between  the  MIDD  obtai  ned  during  the  Phase  2  com  bined  second  and 
third  ground  EMS  collection  interv  als  and  the  MIDD  for  the  random  cohort  of  cases  transported 
by  helicopter  services  showed  that,  for  these  samples,  the  ground  EMS  fi  rst  responder  services 
experienced  a  19.5  minute  shorter  MIDD  than  the  MIDD  experienced  by  the  helicopter  services. 
Analysis  of  the  varian  ces  between  the  two  data  sets  demonstrated  a  statistically  significan  t 
differences  between  the  two  gr  oups  (p<0.05).  A  sumin  ary  of  stat  istical  values  derived  from 
analysis  of  the  combined  data  collected  during  Phase  2  second  and  third  data  collection  intervals 
working  with  ground  EMS  services  and  data  colle  cted  within  helicopte  r-based  services  is 
presented  in  Table  2.  Data  from  this  analysis  are  g  raphically  presented  as  m  eans  ±  stand  ard 
deviation  in  Figure  2. 
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Table  2.  Statistical  Summary  of  Initial  Data  Delay  Times  for  Air  and  Ground  Services;  Phase  2,  Second  and 

Third  Data  Collection  Intervals  Combined 


Ground  EMS  Service 
Phase  2,  2nd  and  3rd 
Intervals  (n=209); 
(hr:min:sec) 

Helicopter  Service 
(n=57);(hr:min:sec) 

A=Gnd-Air 

(abs.val.) 

(hr:min:sec) 

MIDD 

00:18:29 

00:37:59 

00:19:30 

Standard  Deviation 

00:06:45.0 

00:19:34.8 

00:12:49.8 

Range 
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01:28:41 

00:36:21 

95%  Confidence  Interval 
Upper  Bound 
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Figure  2.  IDD  Analysis  Results;  Phase  2  Ground  EMS  2nd  and  3  Intervals  Combined  Compared  to 

Helicopter  Experience 


Analysis  of  the  data  obtained  du  ring  the  Phase  2  initial  data  collection  interval  (n=102)  and  the 
Phase  2  second  and  third  data  collection  interv  als  combined  (n=209),  both  representing  ground 
EMS  system  experience,  was  also  conducted.  Comparative  analysis  of  the  data  from  the  Phase  2 
initial  data  collection  interval  and  the  Phase  2  second  and  third  (combined)  data  collection 
intervals  demonstrated  that,  for  thes  e  samples,  there  was  not  a  statistically  sign  ill  can  t  difference 
between  the  two  data  populations.  However,  a  review  of  the  analysis  of  the  data  collected  during 
the  Phase  2  extended  third  da  ta  collection  interval  showed  a  m  uch  greater  range  o  f  IDD  time 
values  (52.3  m  inutes)  than  was  found  for  the  Ph  ase  2  initial  data  collection  interval  (35.7 
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minutes).  A  summary  of  statistical  values  derived  from  analysis  of  the  combined  Phase  2  second 
and  third  data  collection  intervals  and  the  Phase  2  in  itial  data  collection  interval  working  with 
ground  EMS  services  is  presented  in  Table  3.  Data  from  this  analysis  are  graphically  presented 
as  means  ±  standard  deviation  in  Figure  3. 

Table  3.  Statistical  Summary  of  Initial  Data  Delay  Times  for  Phase  2  Initial  Data  Collection  Interval  and 
Phase  2  Second  and  Third  Data  Collection  Intervals  Combined. 


Ground  EMS  Service 
Phase  2,  1st  Interval 
(n=102);  (hr:min:sec) 

Ground  EMS  Service 
Phase  2,  2nd  and  3rd 
Intervals  (n=209); 
(hr:min:sec) 

A=Phase  2 
Int2&3-lnt  1 
(abs.  val.) 
(hr:min:sec) 

MIDD 

00:19:11 

00:18:29 

00:00:42 

Standard  Deviation 

00:06:46.4 

00:06:45.0 

00:00:01.4 

Range 

00:35:44 
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00:16:36 

95%  Confidence  Interval 
Upper  Bound 
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Figure  3.  IDD  Analysis  Results;  Phase  2  Initial  Ground  EMS  Interval  Compared  to  Combined  2nd  and  3rd 

Intervals 


A  review  of  the  data  and  related  case  run-sheets  and  patient  care  forms  show  that,  for  most  cases, 
the  delay  in  the  onset  of  patient  data  collectio  n  (IDD)  is  a  reflection  of  response  tim  e  for  the 
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closest  available  responding  EMS  unit  at  the  tim  e  of  the  911  call  for  help.  In  a  sm  all  subset  of 
cases,  however,  extended  IDD  times  were  found  to  occur  for  two  major  reasons.  In  some  cases, 
a  responding  EMS  unit  can  be  delayed  in  obtai  ning  access  to  a  patient  because  an  active 

unsecured  crim  e  scene  (standoff  or  shooting  in  progress,  for  exam  pie)  is  encountered  upon 

arrival  of  the  EMS  unit  at  th  e  scene  and  the  EM  S  crew  must  wait  for  law  enforcement  to  secure 
the  location  and  provide  safe  acces  s  to  the  patient.  In  other  cases,  the  review  noted  that  som  e 
longer  IDD  times  were  associated  with  difficult  or  protracted  patient  extraction  from  unstable  or 
potentially  dangerous  conditions  (patient  trapped  in  crushed  vehicle,  for  example)  by  responding 
law  enforcement  and  firefighter  crews  before  ground  EMS  crews  can  obtain  access  to  the  patient 
to  begin  providing  pre-hospital  care  and  assessment.  A  further  review  of  such  cases  identified  a 
single  case  encountered  during  op  erations  for  the  Phase  2  sec  ond  and  third  data  collection 
intervals  that  presented  an  extremely  long  IDD  time.  Thi  s  case  involved  an  injured  patient 
trapped  inside  a  crushed,  upside  down  vehicle  that  had  fallen  from  a  bridge  and  landed  in  a  water 
area.  Rescue  teams  eventually  were  required  to  retrieve  and  deploy  sp  ecial  jacks,  airbags,  and 
shoring  to  raise  and  stabilize  the  vehicle.  This  enabled  the  teams  to  then  cut  away  portions  of  the 
vehicle  to  g  ain  access  to  the  patient  and  f  acilitate  extraction.  The  IDD  tim  e  for  this  cas  e  was 
57.05  m  inutes  which  is  m  ore  than  a  factor  of  three  greater  than  the  MIDD  for  this  case 
population  and  more  than  eight  times  the  standard  deviation  for  this  population  of  samples. 

For  completeness,  the  comparative  analysis  on  these  samples  was  repeated  after  removing  data 
related  to  the  single  case  with  atypically  long  IDD  as  described.  This  analysis  demonstrated  that, 
for  these  sa  mples,  the  re  was  not  a  sta  tistically  significant  difference  between  the  two  data 
populations.  For  these  sam  pies,  the  data  ranges  were  found  to  be  essentially  the  sam  e.  A 
summary  of  statistical  values  derived  from  analysis  of  the  co  mbined  Phase  2  second  and  third 
data  collection  intervals  (with  data  f  or  one  atypi  cal  case  removed)  and  the  Phase  2  initial  data 
collection  interval  working  with  ground  EMS  s  ervices  is  presented  in  Table  4.  Data  from  this 
analysis  are  graphically  presented  as  means  ±  standard  deviation  in  Figure  4. 

Table  4.  Statistical  Summary  of  Initial  Data  Delay  Times  for  Phase  2  Initial  Data  Collection  Interval  and 
Phase  2  Second  and  Third  Data  Collection  Intervals  (One  Atypical  Ground  EMS  Case  Removed)  Combined 


Ground  EMS  Service 
Phase  2,  1st  interval 
(n=102);  (hr:min:sec) 

Ground  EMS  Service 
Phase  2,  2nd  and  3rd 
intervals  (1  case 
removed:  n=208); 
(hr:min:sec) 

A=Phase  2 
Int2&3-lnt  1 
(abs.  vai.) 
(hr:min:sec) 

MIDD 

00:19:11 

00:18:18 

00:00:53 

Standard  Deviation 

00:06:46.4 

00:06:13.0 

00:00:33.4 

Range 

00:35:44 

00:35:48 

00:00:04 

95%  Confidence  Interval 
Upper  Bound 

00:20:30 

00:19:09 

00:01:21 

95%  Confidence  Interval 

Lower  Bound 

00:17:52 

00:17:28 

00:00:24 
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Figure  4.  IDD  Analysis  Results;  Phase  2  Initial  Ground  EMS  Interval  Compared  to  Combined  (1  Atypical 

Case  Removed)  2nd  and  3rd  Intervals 


It  is  notable  that  data  contai  ned  in  Table  3  and  Table  4  suggest  tha  1 1 DD  tim  e  values  were 
reduced  (perhaps  coarsely  reflecting  im  proved  ground  EMS  system  ic  response  tim  es)  by 
approximately  5%  during  the  tim  e  interval  betw  een  operations  for  th  e  Phase  2  initial  data 
collection  interval  (April,  2007)  and  the  Phase  2  second  and  third  data  collection  intervals  (April- 
December,  2009),  although  this  observation  has  not  been  thoroughly  studied  during  this  work. 

Comparative  analyses  were  conducted  for  the  combined  pre-hospital  patient  data  acquired  during 
all  three  Phase  2  data  collection  intervals  ve  rsus  the  random  cohort  of  57  qualifying  cases 
transported  to  San  Antonio  Level  1  Trauma  Centers  by  air  services  as  identified  during  Phase  1 
of  the  subject  project.  F  or  this  data  popul  ation  of  3 1 1  qualifying  ground  EMS  Pha  se  2  patient 
cases,  the  MIDD  experience  during  the  three  Phase  2  data  collection  intervals  was  18.72 
minutes.  Further  analysis  between  the  MI  DD  obtained  during  the  three  Phase  2  ground  EMS 
data  collection  intervals  and  the  MIDD  for  the  random  cohort  of  cases  transported  by  helicopter 
services  showed  that,  for  these  samples,  the  gr  ound  EMS  first  responder  services  experienced  a 
MIDD  of  slightly  less  th  an  half  the  MIDD  experi  enced  by  the  helicopter  services.  Analysis  of 
the  variances  between  the  two  data  sets  dem  onstrated  a  sig  nificant  difference  between  the  tw  o 
groups  (p<0.05).  A  summary  of  s  tatistical  values  derived  from  the  analysis  of  the  two  data 
populations  is  presented  in  Table  5.  Data  from  this  analysis  are  graphically  presented  as  means  ± 
standard  deviation  in  Figure  5. 
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Table  5.  Statistical  Summary  of  Initial  Data  Delay  Times  for  Air  and  Ground  Services;  Phase  2,  Three  Data 

Collection  Intervals  Combined 


Ground  EMS  Service 
Phase  2,  3  Intervals 
(n=311);  (hr:min:sec) 

Helicopter  Service 
(n=57);(hr:min:sec) 

A=Gnd-Air 
(abs.  val.) 
(hr:min:sec) 

MIDD 

00:18:43 

00:37:59 

00:19:16 

Standard  Deviation 

00:06:45.3 

00:19:34.8 

00:12:49.5 

Range 

00:52:52 

01:28:41 

00:35:49 

95%  Confidence  Interval 
Upper  Bound 

00:19:28 

00:43:11 

00:23:43 

95%  Confidence  Interval 

Lower  Bound 

00:17:58 

00:32:48 

00:14:50 
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Figure  5.  IDD  Analysis  Results;  Phase  2  Ground  EMS  Intervals  Combined  Compared  to  Helicopter 

Experience 

Finally,  for  completeness,  the  comparative  analyses  was  repeated  for  the  com  bined  pre-hospital 
patient  data  acquired  during  the  three  Phase  2  data  collection  intervals,  with  data  f  or  the  single 
extreme  atypical  case,  as  describ  ed  above,  re  moved  versus  the  random  cohort  of  57  qualifying 
cases  transported  to  San  Antonio  Level  1  Trau  ma  Centers  by  air  services.  For  this  data 
population  of  3 10  qualifying  ground  EMS  Pha  se  2  patient  cases,  the  MIDD  experience  during 
the  combined  three  Phase  2  data  collection  intervals  was  18.6  minutes.  Further  analysis  between 
the  MIDD  obtained  during  the  thr  ee  Phase  2  ground  EMS  data  coll  ection  intervals  (one  case 
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deleted)  and  the  MIDD  for  the  random  cohort  of  cases  transported  by  helicopter  services 
demonstrated  that,  for  these  sam  pies,  the  groun  d  EMS  first  r  esponder  se  rvices  experienced  a 
MIDD  of  1  ess  than  half  the  MIDD  experienced  by  the  helicopter  services.  Analysis  of  the 
variances  between  the  two  data  sets  showed  a  signif  icant  di  fference  betwe  en  the  two  gr  oups 
(p<0.05).  A  summary  of  statistic  al  values  derived  from  the  analysis  of  the  tw  o  data  populations 
is  presented  in  Table  6.  Data  fro  m  this  an  alysis  are  gr  aphically  presented  as  m  eans  ±  stand  ard 
deviation  in  Figure  6. 

Table  6.  Statistical  Summary  of  Initial  Data  Delay  Times  for  Air  and  Ground  Services;  Phase  2,  Three  Data 
Collection  Intervals  Combined  (One  Atypical  Ground  EMS  Case  Removed) 


Ground  EMS  Service 
Phase  2,  3  Intervals  (1 
case  removed: 
n=310);  (hr:min:sec) 

Helicopter  Service 
(n=57);(hr:min:sec) 

A=Gnd-Air 
(abs.  val.) 
(hr:min:sec) 

MIDD 

00:18:36 

00:37:59 

00:19:23 

Standard  Deviation 

00:06:24.2 

00:19:34.8 

00:13:10.6 

Range 

00:36:20 

01:28:41 

00:52:21 

95%  Confidence  Interval 
Upper  Bound 

00:19:18 

00:43:11 

00:23:53 

95%  Confidence  Interval 

Lower  Bound 

00:17:53 

00:32:48 

00:14:55 
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Figure  6.  IDD  Analysis  Results;  Phase  2  Ground  EMS  Intervals  (1  Atypical  Case  Removed)  Combined 

Compared  to  Helicopter  Experience 


The  significance  of  the  shorter  IDD  experienced  in  the  ground  EMS  sys  tem  is  that  physiological 
data  reflecting  param  etric  measurements  and  trends  for  severely  injured  patients  begins  sooner 
after  an  injury.  Fo  r  theses  amples,  the  mean  delay  in  the  start  of  p  atient  p  re-hospital  da  ta 
collection  for  helicopter-based  services  was  m  ore  than  twice  as  long  as  the  MIDD  e  xperienced 
by  the  ground  EMS  study.  The  clini  cal  significance  of  ear  her  post-injury  onset  of  data  capture 
for  code  3  trauma  patients  within  the  Advanced  Capabilities  for  the  Combat  Medic  program  will 
continue  to  be  investigated  by  USAISR  and  SwRI  in  future  work. 


PHASE  2  (initial  award) 

TASK  3  Investigate  improved  mobile  remote  ultrasound  techniques. 


mapped  to 


PHASE  2  (modified) 

TASK  5  To  Investigate  Improved  Mobile  Ultrasound  Techniques. 

This  task  was  identif  ied  and  includ  ed  in  the  Phase  2  project  plans  to  enable  continuation  of 
support  and  consultation  by  SwRI  for  research  activities  undertaken  by  staff  at  BAMC, 
Department  of  Emergency  Medicine  and  Cardiology  Service.  Previous  work,  not  related  to  the 
subject  project,  included  dem  onstration  and  study  of  th  e  u  tility  and  merit  of  trans  mission  of 
images  produced  by  portable  diagnostic  ultras  ound  devices  from  a  moving  am  bulance  to  a 
remote  hospital  for  real  -time  diagnostics  support '.  The  communications  capability  that  enab  led 
these  demonstrations  and  trials  was  provided  by  the  LifeLink  mobile  telemedicine  system  and 
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9  4 

satellite  and  mobile  wireless  transmission  deployed  in  San  Antonio  '  .  SwRI  planned  to  continue 
to  coordinate  with  SA  EMS  to  provide  access  to  a  project  ambulance  to  accommodate  one  or  two 
one-day  sessions  of  demonstrations  or  trials  under  the  subject  sub  task. 

SwRI  continued  frequent  discussions  with  rele  vant  research  staff  from  BAMC  to  discuss 
concepts  for  continuing  research  opportunity  s  on  this  subject  during  Phase  2;  however, 
additional  research  demonstration  and  trial  opportunities  within  the  subject  area  were  not 
identified.  Potential  trials  and  demonstrations  regarding  real-time  remote  transmission  of  12-lead 
cardiac  electrocardiograph  waveforms  from  a  moving  ambulance  to  a  hospita  1  facility,  enabling 
research  on  the  feasibility  and  m  erit  of  remote  real-time  diagnostics  became  a  subject  of  interest 
to  this  collaborative  team  during  discussions.  This  sub  ject  was  jud  ged  to  be  outside  the 
established  scope  of  the  subject  task,  and  portable  devices  capable  of  providing  suitable  real-time 
output  signals  and  suitable  data  receiver  and  presentation  equipm  ent  f  or  such  tria  is  were  not 
available. 

Key  Research  Accomplishments 

•  Pre-hospital  electronic  physio  logical  m  onitor  data  and  corresponding  S  A  EMS  run-sheets 
and  patient  care  form  s,  with  personal  iden  tifying  information  deleted,  for  3 1 1  qualified 
patient  cases  were  acquired  during  conduct  of  the  three  planned  Ph  ase  2  data  collection 
intervals.  Pre-hosp  ital  patient  physiological  data  for  each  of  these  cases  was  processed  by 
SwRI  to  be  compatible  in  content  and  format  with  the  Trauma  Vitals  research  database  used 
in  the  USAISR  CCCE  program  .  Processed  pre-hospital  physiological  data,  SA  EMS  ca  se 
run-sheets,  and  patent  care  form  s,  with  pers  onal  iden  tifying  inf  ormation  de  leted,  were 
provided  to  USAISR  in  support  of  CCCE  research  programs. 

•  IDD  data  acquired  during  Phase  2  of  this  study  within  the  ground  EMS  system  (SA  EMS) 
and  IDD  data  resulting  f  rom  pre-hospital  data  collection  operations  within  air  se  rvices  were 
subjected  to  com  parative  statistical  analyses.  The  results  of  this  work  show  that  m  uch 
shorter  IDD  times  are  achievable  for  pre-hospital  patient  data  collected  within  ground  EMS 
systems  (see  Reportable  Outcom  es  section).  These  results  are  cons  istent  with  experience 
gained  during  limited  previous  Phase  1  ground  EMS  data  collection  operations. 

•  Advancements  in  data  conversion  were  accom  plished  based  on  research  of  the  MRx  monitor 
data  systems  and  less  ons  learned  during  th  e  expanded  data  collection  and  processing 
operations  during  Phase  2.  Additional  modifications  to  the  special  data  processing  algorithms 
were  accomplished  to  adapt  to  changed  monitor  data  file  content  and  structure  as  provided  by 
the  MR  x  physiological  m  onitor.  These  change  s  were  due  to  an  interim  upgra  de  of  the 
operational  firmware  that  was  implemented  in  the  fleet  of  SA  EMS  m  onitors  after  the  initial 
Phase  2  data  collection  interval  was  completed.  The  special  data  processing  algorithm  s  are 
used  for  extracting  and  for  matting  patient  physio  logical  data  records  and  relevant  monitor 
configuration  and  operations  in  fonnation  provided  by  the  MRx  monitor  currently  in  use  by 
the  SA  EM  S  system  .  The  raw  files  containin  g  relevant  patient  phy  siological  data  are 
processed  and  organized  into  XML  reports  co  ntaining  content  and  form  atting  usable  by  the 
CCCE  program.  The  algorithms  also  read  and  process  embedded  case  timing  information  to 
facilitate  case  association  and  case  timing  analysis. 

•  SwRI  researched  and  developed  methodologies  for  accurate  association  between  pre-hospital 
electronic  monitor  data  files  and  EMS  orga  nizational  case  files,  without  personally 
identifiable  inform  ation.  Particularly,  the  Sw  RI  and  SA  EMS  team  developed  procedures 
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using  encrypted  case  labeling  and  start  tim  es  displayed  f  or  case  f  iles  stored  in  th  e  MRx 
monitor  to  accomplish  more  accurate  case  association  at  the  time  of  data  extraction  from  the 
monitor.  This  resulted  in  fewer  “false”  data  files  being  collected  and  requiring  retrospective 
examination.  These  improvem  ents  in  data  collection  and  processing  m  ethods  were 
implemented  to  more  efficiently  and  accurately  coordinate  electronic  monitor  data  files  and 
SA  EMS  c  ase  summary  infor  mation,  without  th  e  availability  of  pe  rsonally  identifiabl  e 
information. 

•  Special  alg  orithms  for  extraction  and  acquis  ition  of  electronic  data  files  from  the  MRx 
monitor  in  SA  EMS  field  ope  rations  were  updated  and  improved.  These  developm  ents 
included  automatic  labeling  of  respective  electro  nic  folders  and  files  containing  pre-hospital 
patient  da  ta  to  he  lp  f  acilitate  coo  rdination  be  tween  data  c  ollection  ef  forts  and  rou  tine  SA 
EMS  operations  and  reporting,  without  the  use  of  personally  identifiable  infonnation. 

•  SwRI  and  SA  EMS  des  cribed  a  path  forward  for  autom  atic  and  trans  parent  r  etention  and 
preservation  of  raw  MRx  m  onitor  data  with  in  the  plann  ed  future  rollout  of  the  SA  EMS 
electronic  case  data  system.  Commercially  available  EMS  database  products  often  modify  or 
discard  raw  physiological  data  during  the  pro  cess  of  producing  effici  ently  stored  NEMSIS- 
compliant  case  reports.  However,  the  raw  mon  itor  data  f  iles  are  needed  to  f  acilitate 
retrospective  extra  ction  of  pre-hos  pital  patient  data  usab  le  in  the  USAISR  Traum  a  Vitals 
database,  a  s  well  as  retro  spective  in-d  epth  case  review  s.  SwRI  worked  with  the 
manufacturer  of  the  MRx  m  onitor  and  the  deve  loper  of  the  EMS  data  m  anagement  system 
planned  for  use  in  the  f  uture  SA  EMS  electron  ic  case  data  management  system  to  maintain 
visibility  and  focus  on  the  retention  and  preser  vation  of  the  raw  m  onitor  data  with  in  thes e 
systems. 

Reportable  Outcomes 

•  Pre-hospital  physiological  data  was  collected  for  358  potentially  quali  fying  code  3  trauma 
patient  cases  that  were  cared  for  and  transporte  d  to  Level  1  trauma  centers  by  the  entire  fleet 
of  SA  EMS  system  operating  24/7  during  the  three  planned  Phase  2  data  collection  intervals 
of  the  subject  program  .  S  A  EMS  run-sheets  and  case  form  s  for  these  cases,  without 
personally  identifiable  infor  mation,  were  also  acquired  for  each  of  these  cases  during  this 
work.  Data  from  this  population  of  cases  was  examined  and  processed  to  exclude  patient 
records  that  were  found  to  not  qualif  y  for  inclusion  in  the  subject  study.  The  collected  data 
was  also  processed  to  assure  accurate  associ  ation  between  electronic  monitor  data  records 
and  identified  cases  in  the  population.  Data  re  cords  for  cases  that  di  d  not  qualify  for  use  in 
the  subject  study  or  for  which  accurate  asso  ciation  between  the  electro  nic  records  and  SA 
EMS  run-sheet  and  patient  care  fonn  infor  mation  could  not  be  establis  hed  were  discarded. 
The  remaining  electronic  patient  data  was  pr  ocessed  to  conform  to  the  needs  of  the  CCCE 
Trauma  Vitals  database.  Electronic  monitor  data  of  suitable  content  and  format  for  use  in  the 
USAISR  programs  and  related  SA  EMS  run-sheet  s  and  patient  care  form  s,  with  personally 
identifiable  information  deleted,  for  3 1 1  qualifying  patient  cases  was  provided  to  USAISR  in 
support  of  CCCE  research  programs  during  Phase  2. 

•  The  IDD  was  detennined  for  the  311  qualifying  ground  SA  EMS  patient  cases  for  which  data 
was  collected  during  Phase  2.  The  IDD  is  de  fined  as  the  elapsed  tim  e  interva  1  b  etween 
estimated  tim  e-of-injury  and  the  on  set  of  acq  uisition  of  pre-hospital  p  atient  phys  iological 
data  for  each  qualifying  case.  Data  sets  from  the  311  qualifying  ground  SA  EMS  patien  t 
cases  and  from  a  random  cohort  of  57  qualifyi  ng  cases  transported  to  participating  San 
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Antonio  Level  1  traum  a  centers  by  air  serv  ices  were  analyzed.  Comparative  analysis  of  the 
two  data  sets  by  SwRI  and  USAISR  dem  onstrated  that  the  helicopter  service  experienced  a 
MIDD  greater  than  twice  the  MIDD  experience  d  by  the  ground  EMS  first  responder  system  . 
Analysis  of  the  variances  between  th  e  two  data  sets  showed  a  significant  difference  between 
the  two  groups  (p<0.05).  The  op  erational  significance  of  the  s  horter  IDD  experienced  in  the 
ground  EMS  system  i  s  that  phys  iological  pre-  hospital  p  atient  data  acquis  ition  begins 
significantly  sooner  after  an  injury  in  the  ground  system .  For  these  samples,  the  mean  delay 
of  the  beginning  of  data  acquisition  (MIDD)  within  the  helicop  ter  services  was  37.98 

minutes,  or  19.27  minutes  longer  than  the  mean  delay  (18.72  minutes)  experienced  within  the 
ground  EMS  system. 

•  A  firmware  upgrade  program  for  all  the  monitors  used  by  SA  EMS  occurred  during  P  hase  2. 
This  required  adaptations  and  improvem  ents  for  specially  deve  loped  algorithm  s  for 
extracting  and  processing  raw  pre-hospital  physio  logical  digital  data  fo  r  qualifying  cases,  as 
acquired  in  SA  EMS  operations,  and  for  processing  the  raw  data  to  produce  data  content  and 
formats  needed  by  the  CCCE  program  during  Phase  2. 

•  Methods  for  field  acquisition  and  prelim  inary  case  identificati  on,  without  personally 
identifiable  data  available,  were  im  proved  during  Phase  2.  This  m  ethodology  was  designed 
to  aid  in  field  operations  and  to  provide  more  efficient  and  accurate  retrospective  association 
between  pre-hospital  electronic  m  onitor  reco  rds  and  SA  EMS  case  records  for  q  ualifying 
cases. 

•  Work  to  coordinate  project  data  needs  w  ith  evolving  hardware  and  software  data 
management  capabilities  and  the  developi  ng  SA  EMS  electronic  case  data  system 
progressed.  The  need  to  retain  and  preserve  raw  m  onitor  data  durin  g  routine  case  data 
records  operation  was  established  during  Phase  2  and  is  reflected  in  planning  for  future  SA 
EMS  routine  operations  and  organizational  data  management. 

•  SwRI  continued  to  dev  elop  a  new  initia  tive,  the  Param  eter-based  Re  mote  Objective  Pr  e- 
Hospital  Emergency  Triage  (PROPHET)  program,  to  support  and  expand  data  collection  and 
research  operations  for  pre-hospital  medical  care  and  decision-support  technologies. 

•  Required  list  of  persons  receiving  pay  from  this  project: 
o  Aguilar,  John 

o  Bartels,  Keith 
o  Bielke,  Peggy 
o  Dore,  Monica 
o  Downing,  Karen 
o  Gordon,  Donald 
o  Grant,  Kimberly 
o  Kinkier  Jr.,  Ernest,  S 
o  Lents,  Danny 
o  Magee,  Michael 
o  Moczygemba,  Mark 
o  Rudewick,  Todd 
o  Rusk,  Sherry 
o  Thompson,  Travis 
o  Tong,  David 
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o  Whipple,  John 
o  Williams,  Kari 

Conclusions 


The  U.S.  Ann  y’s  CCCE  program  includes  res  earch  elem  ents  aim  ed  at  advances  in  triage, 
treatment,  and  field  decision  support  systems.  Ultimately,  knowledge  gained  from  such  research 
could  be  of  benefit  to  injured  patients  and  care  providers  in  many  different  types  of  settings, 
military  and  civilian,  and  especially  in  mass-casualty  situations. 

Physiological  data  and  trending  that  can  be  acqui  red  during  the  pre-hospital  interval  of  care  for 
seriously  injured  patients  is  sought  in  support  of  research  activities  that  could  yield  m  eaningful 
advancements  in  triage  and  tr  eatment  of  combat  casualties  in  the  field.  Typically,  helicopter- 
based  patient  transport  system  s  have  provided  re  latively  focused  opportunities  for  pre-hospita  1 
access  to  seriously  injured  patients  for  which  the  data  of  interest  could  be  collected.  This  project 
is  focused  on  exploring  the  feasibility  and  adva  ntages  of  acquiring  such  data  while  working 
within  a  large  m  unicipal  ground-based  EMS  system  .  The  design  of  this  study  is  based  on  the 
premise  that  pre-hospital  patient  data  acquis  ition  opportunities  will  typica  lly  begin  much  earlier 
in  an  injury  event  within  a  ground  EMS  first  responder  system  than  with  helicopter-based 
services. 

The  nature  of  the  CCCE  program  suggests  that  data  reflecting  a  patient’s  physiological  response 
to  serious  injury,  beginning  as  s  oon  as  practical  after  the  injury  ev  ent,  could  be  advantageous  in 
the  research  program.  Analysis  of  the  data  acqu  ired  during  Phase  2  of  the  subject  project  shows 
that  ground  EMS  first  responder  system  s  can  pr  ovide  the  “soon  as  practical”  opportunity  for 
acquisition  of  desired  data.  Als  o,  the  large  volume  of  injury  case  s  typically  handled  by  a  large 
municipal  ground  EMS  system  suggests  that  a  relatively  high  rate  of  cases  of  interest  could  be 
available  to  help  meet  the  data  needs  of  the  CCCE  program,  and  the  data  reported  herein  reflect  a 
relatively  large  number  of  cases  encountered  during  the  three  data  collection  periods  planned  for 
Phase  2. 

The  three  planned  one  -month  data  collection  intervals,  working  with  SA  EMS,  and  the  relate  d 
data  processing  and  an  alysis  were  accomplished  during  Phase  2  of  the  subject  project.  During 
conduct  of  the  second  and  third  da  ta  collection  interv  als,  the  num  ber  of  cases  identified  as 
potentially  qualifying  cases  for  this  project  was  observed  to  be  fewe  r  than  expected  for  the  tim  e 
periods  involved.  This  observation  was  found  to  correla  te  with  cha  nges  in  organiza  tional 
operations  within  SA  EM  S  and  more  conservative  efforts  by  project  staff  to  accurately  select 
cases  for  the  subject  proj  ect  that  would  ultim  ately  qualify  for  inclusion  in  the  study.  The  lower 
than  anticipated  rate  of  s  ubject  case  identification  during  the  data  collection  intervals  was  not 
associated  with  a  lower  rate  of  traum  a  cases  encountered  by  the  SA  EMS  system  during  those 
times.  The  third  of  the  three  planned  data  collection  intervals  was  extended  in  order  to  identify 
and  obtain  pre-hospital  patient  data  for  addition  al  cases,  in  an  attempt  to  reach  the  goal  of  300 
anticipated  cases  during  Pha  se  2  operations.  Phas  e  2  efforts  resulted  in  case  identification,  pre¬ 
hospital  data  collection,  data  processing,  and  provision  of  pre-hospital  patient  physiological  data 
files  to  USAISR  for  311  qualifying  patients.  Th  e  m  ean  delay  between  the  estimated  tim  e  of 
injury  and  the  onset  of  pre-hospital  patient  data  acquisition  (MIDD)  for  this  population  of  patient 
cases  was  18.6  m  inutes  (w  ith  data  for  one  ex  traordinary  case  rem  oved  (n=3 10)),  and  18.72 
minutes  with  data  for  the  one  extraordinary  case  included  (n=3 11).  These  MIDD  values  were 
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compared  to  the  MIDD  experience  for  a  random  cohort  of  cases  within  helicopter-based  services 
transporting  patients  to  the  same  hospitals.  For  the  helicopter-based  services,  the  MIDD  of  37.98 
minutes  was  approxim  ately  twice  the  delay  expe  rienced  within  the  g  round  EMS  system .  Also, 
the  rate  of  qu  alifying  cases  encountered,  and  f  or  which  data  was  collected,  during  the  ground 
EMS  operations  interval  was  much  higher  than  available  within  air  services. 

These  findings  support  the  goals  of  this  study  a  nd  also  add  significantly  to  the  pre-hospital 

patient  data  otherwise  available  in  the  Trauma  Vitals  database  in  two  important  areas: 

1 .  The  patient  data  co  llected  and  processed  during  Phase  2,  wo  rking  within  the  ground  EMS 
first  responder  system,  reflects  a  data  start  time  occurring  much  earlier  in  injury  events  than 
data  acquired  within  helicopter-based  services .  This  provides  the  opportunity  to  observe  and 
research  param  eters  and  trends  of  interest  occurring  in  a  relatively  early  tim  e  window 
compared  with  data  co  llected  during  helicopter-based  operations.  The  “earlier  window”  of 
patient  data  acquired  within  ground  operations  can  be  viewed  as  complementary  to  the  “later 
window”  of  data  that  can  be  acquired  during  ai  r  operations.  Data  from  the  two  modes  of 
operations  com  bined  could  provide  a  m  ore  comple  te  p  icture  of  the  p  arameters  o  f  inter  est 
than  data  from  either  mode  alone. 

2.  The  inclusion  of  data  collected  within  the  ground  EMS  system  reflects  a  large  increase  in  the 
volume  of  qualifying  cases  for  which  pre-hospital  patient  data  can  be  acquired  during  a  given 
time  interval.  This  finding  reflects  an  opport  unity  to  dram  atically  increase  the  research 
patient  population  in  the  Trauma  Vitals  database. 

During  Phase  2,  SwRI  planned  to  integrate  more  efficient  and  trans  parent  (with  in  SA  EMS 
operations)  preservation  and  co  llection  of  needed  pre-hospita  1  data  in  support  of  the  CCCE 
program  during  future  SA  EMS  operations.  These  improvements  in  research  data  collection  were 
planned  to  be  integrated  during  the  Phase  2  s  econd  and  third  data  colle  ction  intervals  with 
incremental  milestones  in  the  p  lanned  enhanced  capabilities  within  SA  EMS.  These  m  ilestones 
included  near-automatic  wireless  transfer  of  patient  physiological  data,  as  acquired  and  stored  by 
the  m  onitor  during  patient  care,  for  further  pr  ocessing  and  inclusion  in  the  planned  SA  EM  S 
electronic  case  data  management  system.  SwRI  worked  with  SA  EMS  and  the  suppliers  of  the 
monitor  and  the  EMS  m  edical  records  database  pr  oducts  to  assure  preservation  of  raw  m  onitor 
data  files  during  this  process  to  en  able  future  retrospective  availability  of  patient  pre-hospital 
data  of  inte  rest  to  th  e  subjec  t  project.  Significant  m  anufacturer  delays  in  developm  ent  and 
release  of  planned  data  m  anagement  capabil  ity  upgrades  for  the  physiological  monitor  and 
commercial  database  products  compatible  with  the  m  onitor,  as  intended  for  use  in  planned 
enhancements  for  th  e  S  A  EMS  electron  ic  case  data  m  anagement  system  ,  were  experienced 
during  Phase  2  of  the  subject  study  .  This  issue  impacted  the  planned  integration  of  later,  more 
efficient  and  transparent  (Phase  2  second  and  th  ird  data  collection  inte  rvals)  research  data 
collection  operations  and  rou  tine  SA  EMS  case  data  managem  ent  capabilities.  Subject  to 
continuing  m  anufacturer  delays  in  developm  ent  of  m  onitor  da  ta  m  anagement  tools  and  the 
resulting  schedule  impact  on  the  planned  ro  llout  of  the  monitor  data  acquis  ition  aspects  of  the 
electronic  case  data  management  system  within  SA  EMS,  SwRI  began  planning  and  preparations 
to  exercise  contingency  plans  for  data  collecti  on  during  Phase  2  of  the  project.  The  contingency 
plans  were  included  as  s  pecial  considerations  in  the  descripti  on  of  the  approved  Phase  2  SOW  . 
The  contingency  plans  included  moving  forwar  d  with  conduct  of  rem  aining  planned  data 
collection  intervals  independent  of  the  evolving,  but  delayed,  rollout  of  SA  EMS  routine  m  onitor 
data  acquisition  and  processing  operations.  S  wRI  began  prep  arations  for  conduct  of  the 
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remaining  two  planned  patient  data  collection  inte rvals,  using  essentially  the  same  methods  used 
during  the  initial  data  collection  interval.  Th  is  was  done  in  order  to  assure  com  pletion  of 
planned  operations  for  the  two  rem  aining  data  collection  intervals  and  com  pletion  of  processing 
and  provision  of  the  target  patient  data  to  USAI  SR  within  prevailing  cost  and  schedule  tenn  s  of 
the  project. 

Finally,  Sw  RI  plans  to  continue  future  work  (not  pa  rt  of  the  subject  projec  t)  to  develop  an 
initiative  to  include  future  automation,  expansion,  and  extension  of  the  data  collection  and  CCCE 
research.  Future  plans  for  the  PRO  PHET  progr  am  include  refinem  ent,  automation,  extension, 
and  expansion  of  the  data  collection  and  research  efforts.  Additional  research  components  are 
planned  to  further  analyze  collected  data  to  he  lp  identify  m  eaningful  predictive  trends  and 
algorithms  and  to  expan  d  data  gathering  and  research  work  to  inc  lude  additional  potential  field 
triage  and  o  ther  pre-hospital  medical  advanc  es.  It  is  an  ticipated  that  th  is  work  will  ultim  ately 
lead  to  deployable  prototype  equipment,  field  and  clinical  trials,  and  development/distribution  of 
the  technologies  to  military  as  well  as  civilian  casualty  care  organizations. 
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